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T'ae  Federal  Aviation  Administration  sponsored  a  two-day  meeting  in  October 
1988  to  address  issues  of  human  factors  and  inspection.  Presentations  were 
given  by  some  13  individuals  representing  the  full  spectrum  of  interests  in 
ci'imniercial  aviation.  Presentations  also  were  given  by  three  human  factors 
scientists  with  backgrounds  in  vigilance  ana  industrial  inspection  technology. 
Each  presentation,  as  well  as  the  following  question  and  answer  period,  was 
recorded  for  transcription  ana  study. 

The  objective  of  the  meeting  was  to  identify  human  issues  of  importance, 
particularly  as  .such  issues  might  contribute  to  inspection  or  maintenance  error. 
The  desired  outcome  was  to  be; 

(1)  an  improved  understanding  of  personnel  performance  in 
aviation  maintenance,  and 

(2)  recommendations,  as  appropriate,  to  the  FAA  concerning 
needed  research  efforts  and/or  possible  new  or  revised 
reguircory  actions. 

Several  recommendations  were  presented  to  the  FAA  in  the  areas  of  communica¬ 
tions,  training,  management,  regulatory  review,  and  research  and  development. 
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Foreword 


The  Federal  Aviation  Administration  (FAA)  is  mandated  to 
ensure  the  highest  level  of  safety  in  American  aviation.  A 
matter  of  concern  recently  has  been  the  increasing  age  of  jet 
aircraft  in  the  air  carrier  fleet.  Many  of  these  aircraft 
now  are  entering  their  second  and  third  decade  of  use. 

In  June  of  this  year,  the  FAA  sponsored  a  meeting  of 
representatives  of  the  aviation  industry  to  review  problems 
associated  with  aging  aircraft.  While  much  of  this  meeting 
addressed  issues  of  hardware,  metal  fatigue,  and  corrosion, 
there  was  a  discussion  of  human  factors  in  maintenance. 
Today's  meeting  reflects  a  growing  interest  in  human  factors 
and  its  potential  contribution  to  continuing  aviation 
safety . 

I  hope  that  the  perspective  of  today's  meeting  will 
extend  beyond  just  the  aging  aircraft  problem.  We  should 
consider  new  technologies  such  as  use  of  composite  materials, 
for  example.  The  effect  of  automation,  advanced  electronics, 
new  aircraft  design  techniques,  and  training  innovations  also 
should  be  reviewed.  Any  issue  that  bears  on  the  performance 
of  maintenance  personnel  should  be  included. 

All  segments  of  the  aviation  industry  concerned  with 
maintenance  are  in  attendance  today.  We  have  representatives 
from  the  Federal  Aviation  Administration,  the  National 
Transportation  Safety  Board,  aircraft  manufacturers,  airline 
operators,  regional  airlines,  helicopter  operators,  the 
maintenance  training  establishment,  those  concerned  with  new 
technologies,  and,  in  particular,  several  human  factors 
scientists  with  impressive  research  cr.  .ej'tials  relating  to 
inspection  and  maintenance.  With  the  s'  and  expertise 
represented  here,  I  am  certain  we  will  develop  positive 
recommendations  of  real  value  to  the  FAA  and  to  aviation  as 
we  consider  ways  to  ensure  optimum  use  and  support  of 
maintenance  personnel. 


William  T.  Shepherd,  Ph.D. 
Federal  Aviation  Administration 
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Executive  Summary 


The  Federal  Aviation  Administration  sponsored  a  two-day 
meeting  in  October  1988  to  address  issues  of  human  factors 
and  personnel  performance  in  aviation  maintenance  and 
inspection.  Presentations  were  given  by  some  la  individvals 
representing  the  full  spectrum  of  interests  in  comm.erciai 
aviation.  Presentations  also  were  given  by  three  human 
factors  scientists  with  backgrounds  in  vigilance  and 
industrial  inspection  technology.  Each  presentation,  as  well 
as  the  following  question  and  answer  period,  was  recorded  for 
transcription  and  study. 

The  objective  of  the  meeting  was  to  identify  huma.n 
factors  issues  of  importance,  particularly  as  such  issues 
might  contribute  to  inspection  or  maintenance  error.  The 
desired  outcome  was  to  be  (1)  an  improved  understanding  of 
personnel  performance  in  aviation  maintenance  and  (2) 
recommendations,  as  appropriate,  to  the  FAA  concerning  needed 
research  efforts  and/or  possible  new  or  revised  regulatory 
actions . 

Recommendations  presented  to  the  Federal  Aviation 
Administration  are  summarized  as: 

1.  More  recommendations  centered  on  communication  than 
for  any  other  topic  discussed.  Apparently  the  changing 
structure  of  the  airline  industry  has  disrupted  communication 
networks  which  existed  in  earlier  years.  These  networks 
were  quite  useful  in  disseminating  maintenance  information. 
Accordingly,  it  is  recommended  that  the  FAA  foster  at  least 
one  additional  meeting  of  this  kind  to  review  specific  topics 
noted  in  subsequent  recommendations. 

2.  The  FAA  should  consider  means  for  encouraging  or 
developing  a  data  base  of  industry  information  concerning 
maintenance  technologies,  procedures,  and  problems.  Many 
individual  data  bases  exist.  These  should  be  consolidated 
and  expanded. 

3.  The  current  review  of  Part  147  should  be  expedited  as 
feasible.  Results  should  include  provision  for 
specialization  training  as  an  advanced  part  of  the 
curriculum  of  approved  schools.  Licensing  procedures  fur 
avionics  technicians  also  should  be  reviewed. 

( .  The  supply  of  trained  maintenance  personnel  is 
inadequate.  The  FAA  should  encourage  or  develop  promotional 
mater: als  regarding  maintenance  as  a  career. 
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5.  "Advances  in  Training  Technology"  should  be  addressed 
extensively  in  any  future  FAA-sponsored  meeting. 

6.  The  pressure  of  "gate  time"  is  an  onaoing  problem. 

All  parties  should  consider  ways  to  insulate  inspectors  from 
production  and  from  the  rest  of  maintenance. 

7.  Consideration  should  be  given  by  the  FAA  to  the 
conduct  of  a  task  analysis,  or  some  modified  version,  of  both 
mechanic  performance  and  inspector  performance.  This 
provides  critical  information  for  any  job  redesign  and 
improvement . 

8.  A  research  center,  or  program,  where  maintenance 
concepts  could  be  studied  in  detail  would  be  of  great  value. 
This  could  exist  either  at  the  FAA  Technical  Center  or  the 
Civil  Aeromedical  Institute. 

9.  Effective  maintenance  requires  appropriate  maintenance 
information.  The  FAA  should  review  the  preparation  and 
delivery  of  maintenance  manuals  to  ensure  that  the  latest  and 
most  appropriate  maintenance  data  are  available  to 
maintenance  personnel  as  rapidly  as  possible.  Particular 
attention  should  be  given  to  information  concerning  wear 
limits,  damage  limits,  repair  schemes,  and  aircraft  wiring 
diagrams . 

10.  A  number  of  organizations  are  conducting  research 
activities  relating  to  maintenance  performance.  Channels 
should  be  established  so  that  details  of  these  activities  can 
routinely  feed  into  the  data  base  noted  in  Recommendation 
Number  2.  In  addition,  any  future  meeting  should  include  a 
full  session  devoted  to  "Requirements  and  Improvements  in  the 
Preparation  and  Delivery  of  Maintenance  Information." 
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Meeting  Welcome 


Anthony  J.  Bnoderick 

Associate  Administrator  for  Regulation  and  Certification 
Federal  Aviation  Administration 


There  is  considerable  interest  today  at  the  FAA  in  the  subject  of 
aircraft  maintenance  and  inspection.  I  personally  am  very  excited  about 
the  fact  that  people  are  willing  to  spend  ti.eir  valuable  time  to  get 
together  and  talk  about  something  which,  it  is  fair  to  say,  we  know 
little  about.  We  in  the  FAA  are  not  sure  where  this  interest  and  this 
meeting  will  take  us.  I  am  confident,  however,  that  the  results  will 
take  us  somewhere  that  we  would  rather  be  compared  to  where  we  are 
today.  Because  of  the  lack  of  maturity  of  the  subject  matter,  as  some 
might  say,  we  are  in  a  position  where  we  might  be  able  to  make 
significant  contributions  to  aircraft  maintenance  and  aviation  safety 
with  a  fairly  modest  investment  of  time  and  resources.  It  will  be 
exciting  to  be  a  part  of  this  activity. 

I  am  impressed  with  the  cross  section  of  professionals  brought 
together  to  address  today's  topic  -  people  from  academia,  the  airlines, 
the  manufacturers,  the  FAA,  and  a  number  of  other  fields  with  activities 
relating  to  aircraft  maintenance.  Only  a  collective  effort  and 
cooperation  of  this  type,  in  a  nice  quiet  room,  will  result  in  the 
progress  we  need. 

What  we  are  really  talking  about  today  is  human  performance  in 
aircraft  maintenance,  including  everything  from  training  of  maintenance 
personnel  to  development  of  procedures  for  maintenance  of  complex  digital 
flight  equipment.  We  are  particularly  concerned  with  the  human’s  role  in 
the  inspection  of  older  aircraft  which  have  been  in  the  fleet  for  twenty 
or  more  years.  We  begin,  of  course,  with  the  full  realization  that  a 
large  measure  of  professionalism  exists  in  the  maintenance  business 
today.  The  problem  is  complex  and  will  not  be  solved  simply  by  urging 
the  industry  to  bring  more  professionals  aboard  or  recommending  a  nice 
warm  room  in  which  to  perform  maintenance. 

The  problem,  as  I  see  it,  is  that  we  do  not  have  an  organized  body  of 
information  that  we  can  apply  when  an  engineer  determines  that  an 
inspection  is  needed  for  cracks  in  a  particular  section  of  an  airplane. 
How  do  you  do  that  inspection?  What  should  the  engineer  know  about 
principles  of  human  perfomance  that  will  ensure  that  the  inspection  is 
performed  with  best  accuracy? 

The  FAA  at  this  time  is  preparing  an  Airworthiness  Directive  for 
release  which  will  require  additional  inspections  for  certain  older 
aircraft.  For  illustrative  purposes,  and  these  may  not  be  quite  the 
correct  numbers,  these  inspections  use  a  ^0,000  landing  cycle  threshold 
to  begin  inspections,  followed  by  a  4,000  landing  cycle  for  repeat 
inspections.  In  this  case,  we  are  applying  the  same  inspection  criteria 
to  an  aircraft  with  70,000  cycles  as  we  are  to  one  with  30,000  cycles. 
This  bothers  me  because  the  process  for  deriving  the  threshold  for 
inspection  and  repetition  assumes  that  the  development  of  cracks  may  be 
detectable  at  40,000  cycles  and  that,  if  cracks  are  not  found,  the 
aircraft  may  be  flown  safely  for  another  4,000  cycles  before  new  cracks 


can  develop  to  a  hazardous  extent.  When  this  process  is  applied  to  an 
aircraft  with  60,000  or  70,000  cycles,  we  are  saying  that  if  the  aircraft 
is  inspected  in  the  next  500  cycles  and  then  4,000  cycles  later,  it  wi ' 1 
be  safe.  We  now  have  evidence  frora  two  recent  instances,  well  known  to 
most  of  you,  in  which  we  found  that  this  may  not  be  true. 

In  the  well  publicized  Aloha  Airlines  incident,  the  airplane  was 
inspected  and  an  airworthiness  action  perfomed  just  a  few  months  before 
it  had  the  tragic  inflight  episode.  Then,  just  recently  we  found  another 
airplane,  with  another  airline,  which  had  about  50,000  to  55,000  cycles 
and  had  developed  a  major  crack  and  a  number  of  smaller  ones.  This 
airplane  also  had  been  inspected  earlier,  with  its  cracks  discovered  only 
as  it  was  going  in  for  repainting.  So  here  we  have  two  airplanes,  with 
all  the  attention  focused  recently  on  737's,  for  which  somehow  the  system 
did  not  work.  We  have  professionals  involved  in  engineering  and 
professionals  involved  in  maintenance  and  yet  cracks  developed  undetected. 

We  must  develop  an  improved  approach  to  the  inspection  process  and, 
more  important,  it  must  be  an  organized  approach  We  need  to  take  a 
technological  approach,  break  the  process  into  its  components,  and  then 
examine  each  component  to  see  if  we  can  build  a  body  of  knowledge  that 
will  apply. 

Is  vigilance  the  issue?  The  job  of  performing  these  inspections  can 
be  terribly  boring  and  the  job  frequently  must  be  performed  under  adverse 
conditions.  Is  vigilance  simply  the  answer?  Or  are  we  expecting  too 
much  of  people  at  any  level  of  vigilance? 

What  about  training?  Aircraft  of  today  are  more  complex  and  employ  a 
variety  of  m.aterials  and  construction  techniques.  New  systems  are 
available  for  the  inspector.  Has  our  training  establishment  kept  pace 
with  these  changing  technologies?  While  I  suspect  that  it  has  at  least 
to  a  certain  extent,  I  do  not  know  whether  additional  attention 
is  required  on  training. 

Another  issue  is  communications.  How  do  engineers  at  a  manufacturing 
facility,  where  a  Service  Bulletin  is  written,  and  FAA  engineers,  who 
approve  the  Bulletin,  communicate  with  engineers  at  an  airline  and  with 
airline  maintenance  personnel?  How  do  we  communicate  what  we  expect  and 
what  we  want  done?  Are  we  doing  a  good  job  in  this  communication?  I 
suspect  we  do  a  heart-felt  job  but  I  do  not  believe  we  have  good 
guidelines  to  follow.  This  is  a  part  of  the  system  that  has  never  been 
critically  analyzed. 

Then  there  is  the  work  environment.  Chicago  in  the  winter  can  be  a 
cold  place  to  be.  Tasks  that  normally  are  routine  and  that  must  be 
performed  hundreds  of  times  can  be  quite  difficult  under  these 
conditions.  When  you  look  toward  some  of  the  more  subtle  inspections  we 
are  talking  about,  there  is  a  question  as  to  whether  we  are  realistic  in 
expecting  quality  performance  under  adverse  working  conditions. 

So,  how  have  we  gotten  away  with  it?  Well,  I  am  not  sure  we  have 
gotten  away  with  it.  We  have  seen  some  significant  maintenance-related 
accidents  in  the  last  decade.  Also,  the  average  age  of  the  fleet  is 
increasing.  As  a  result,  greater  demands  and  greater  reliance  are  going 
to  be  placed  on  the  maintenance  and  inspection  functions.  We  must  know 
the  good  and  bad  points  of  these  functions  and  how  to  deal  with  them. 
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One  avenue  for  consideration,  and  a  favorite  topic  of  mine,  is  the 
use  of  robots.  When  I  visit  Boeing,  I  see  huge  wings  being  automaticulLy 
drilled  and  riveted.  Excellent  use  is  being  made  of  robotics 
technology.  But  when  I  go  to  an  airplane  on  the  line  or  in  a  maintenanct. 
operation  for  heavy  checks,  I  do  not  see  a  lot  of  automation  being 
applied.  Why  not?  Possibly  because  it  is  expensive  and  not  readily 
available.  But  shouldn’t  this  be  something  we  look  to  as  a  basis  for 
improvement?  Shouldn't  we  encourage  industry  to  develop  effective  ways 
to  use  robotics’  Wliile  this  might  not  provide  an  ultimate  answer,  it 
could  contribute  significantly. 

In  the  future,  we  will  be  relying  not  so  much  on  the  genius  of  the 
designer  and  the  production  staff  but,  with  the  aging  fleets,  on  the 
genius  and  the  dependability  of  the  maintenance  staff.  In  other  FAA 
programs  related  to  the  aging  aircraft  fleet,  we  are  looking  at  the 
structural  aspects  of  aircraft  design,  our  database  requirements,  and 
actions  to  be  taken.  But  no  matter  what  we  do  with  regard  to  design 
improvements  or  production  improvements,  we  must  recognize  that  we  will 
rely  more  and  more  heavily  on  maintenance  in  the  coming  years. 

Let  me  close  by  again  thanking  you  for  coming.  We  are  here  to 
exchange  information  and  listen  to  ideas.  Even  if,  as  a  result  of  all 
the  thinking  and  talking  we  do  here,  not  a  single  FAA  Directive  is 
written,  I  am  confident  that  the  exchange  of  information  among  leaders  in 
this  part  of  the  aviation  industry  will  be  worthwhile  and,  in  itself, 
will  result  in  safety  impro' ements .  Thank  you. 
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Introduct ion 


The  Federal  Aviation  Adm' nistration  sponsored  a  two-day  meeting  in 
October  1988  to  address  issues  of  human  factors  and  personiiel  performance 
in  aviation  maintenance  and  inspection.  Presentations  were  given  by  some 
13  individuals  representing  the  full  spectrum  of  interests  in  commercial 
aviation.  Presentations  also  were  given  by  three  human  factors 
scientists  with  backgrounds  in  vigilance  and  industrial  inspection 
technology.  Each  presentation,  as  well  as  the  following 
question- and-answer  period,  was  recorded  for  transcription  and  study. 

The  objective  of  the  meeting  was  to  identify  human  factors  issues  of 
importance,  particularly  as  such  issues  might  contribute  to  inspection  or 
maintenance  error.  The  desired  outcome  was  to  be  (1)  an  improved 
understanding  of  personnel  performance  in  aviation  maintenance  and  (2) 
recommendations,  as  appropriate,  to  the  FAA  concerning  needed  research 
efforts  and/or  possible  new  or  revised  regulatory  actions. 

The  following  section  presents  recommendations  developed  through  a 
synthesis  of  comments  and  suggestions  made  by  attendees  both  in  their 
foimnal  presentations  and  during  subsequent  discussions.  The 
recommendati oris  have  been  reviewed  for  intent  and  for  accuracy  by  each  of 
the  presenters.  Following  the  recommendations,  an  edited  version  of  each 
presentation  is  included  as  Appendix  A. 


Aviation  Maintenance  Parameters 


Aviation  maintenance  operates  as  an  indispensable  element  in  support 
of  the  larger  U.S.  aviation  industry.  A  review  of  hon.on  factors  issues 
affecting  the  quality  and  efficiency  of  aviation  maintenance  personnel 
should  be  conducted  with  an  understanding  of  industry  parameters.  An 
overview  of  the  industry  will  illustrate  the  scope  and  diversity  of 
maintenance  requirements  faced  by  the  industry. 

The  mix  of  aircraft  in  the  air  carrier  and  general  aviation  fleets  is 
shown  in  Table  1.  The  data  for  air  carriers  in  Table  1  include 
scheduled,  supplemental,  commuter,  air  taxi,  and  air  cargo  carriers. 

These  data  illustrate  why  primary  attention  is  being  given  to  air  carrier 
oper-ations  today.  The  carrier  fleet  constitutes  almost  exactly  two 
percent  of  the  entire  number  of  aircraft  operating  within  the  United 
States.  However,  this  fleet  carries  four  times  the  passenger  load  of 
other  classes  of  aircraft.  In  tenns  of  safety  of  the  general  public,  air 
carrier  operations  warrant  the  first  look.  However,  no  one  should  be 
insensitive  to  the  fact  that  over  100  million  passengers  also  are  carried 
ain^ualLy  in  general  aviation  operations. 

Table  2  shows  the  projected  growth  of  the  U.S.  aircraft  fleet  over 
the  next  ten  years.  This  shows  that  growth  as  foreseen  will  take  place 
i.n  air  carrier  operations  and  in  commuter  airlines.  No  growth  is 
projected  for  general  aviation  over  this  ten  year  period.  New  general 
aviation  aircraft  will  enter  the  fleet  but  certainly  not  at  the  rate  seen 
Iti  I'-J.’S,  the  peak  production  year.  Other  aircraft  will  retire  during 
this  period,  and  as  a  result  there  will  be  no  growth  for  general  aviation. 


TABLE  1 

U.S.  AIRCRAFT  FLEET 
(1986) 


A ircraf  t 

Turbine 
Piston 
Rotorcraf  t 

P assengers  Carried 


Air  Carrier 

4,063 

364 

4 

419  million 


General  Aviation 

10,500 

195,700 

6,900 

119  million 


Air  Transport  Association  (ATA) 
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TABLE  2 

PROJECTED  GROWTH  OF 
U.S.  AIRCRAFT  FLEET 
(1987  -  1999) 


Fleet 


Forecast 
Annual  Growth 


Air  Carrier  2.6% 

Commuter  2 . 9 

General  Aviation  0.0 

Domestic  Passenger  Load  4.6 


Note;  In  past  L**o  years,  759  large  jet  aircraft  were  delivered.  Very 
few  older  aircraft  were  retired. 

Federal  Aviation  Administration  (FAA)  (1988) 


Table  2  also  shows  that  during  the  past  two  years,  759  large  jet 
aircraft  have  been  delivered  to  the  airlines.  Over  that  same  time 
period,  very  few  older  aircraft  -  the  DC-9s  and  early  727s  -  have  been 
retired.  This  illustrates  the  changing  dynamics  1,*  fleet 
characteristics . 

An  important  characteristic  of  both  the  air  carrier  fleet  and  the 
general  aviation  fleet  is  that  each  is  growing  older.  Table  3  shows  the 
average  age  for  a  group  of  selected  aircraft  currently  in  use  in  the  U.S. 
air  carrier  fleet.  While  these  aircraft  obviously  were  selected  to 
demonstrate  the  aging  characteristic,  nonetheless  they  are  representa¬ 
tive  of  aircraft  used  in  current  operations.  Note  that  four  of  these 
aircraft  have  an  average  age  in  excess  of  20  years.  Also,  considering 
that  these  data  are  current  as  of  the  end  of  1987,  the  average  age  of  the 
aircraft  shown  is  now  somewhat  greater  than  indicated. 

TABLE  3 

AGE  OF  SELECTED  AIRCRAFT 
IN  U.S.  AIR  CARRIER  FLEET 


Aircraft 

Number 

Average 

DC-8-50 

16 

23.1 

727-100 

344 

21.7 

BAC-1-11 

38 

21.6 

DC-9-10 

91 

21.0 

707 

35 

19.8 

737-100 

20 

19.2 

DC-8-  70 

85 

19.2 

747 

167 

13.9 

Average  age  of  all  aircraft  in  U.S.  air  carrier  fleet  =  12.1  years.  Data 
as  of  year- end  1987. 


ATA  (1988) 
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The  age  of  the  U.S.  general  aviation  flee^  is  depicted  in  Figure  1. 

It  is  obvious  that  general  aviation  has  the  same  problem  with  aging 
aircraft  as  the  air  carriers.  Considering  that  these  data  now  are 
probably  two- years  old  and  thus  are  shifted  to  the  right  slightly,  the 
average  age  for  the  entire  general  aviation  fleet  is  in  the  order  of  20 
years,  with  some  aircraft  more  than  35  years  old.  It  is  also  interesting 
to  note  that  every  year  the  data  in  Figure  1  are  being  pushed  to  the 
right  slightly  because  of  the  fact  that  aircraft  are  not  being  retired 
from  the  general  aviation  fleet  as  had  been  initially  anticipated  and 
very  few  new  aircraft  are  being  introduced. 


5—0  15—10  26—20  36-»- 

Age  CYaara) 


Figure  1.  Age  of  U.S.  general  aviation  aircraft.  (FAA,  1987) 


While  the  age  of  an  airplane  is  important,  maintenance  requirements 
for  air  carrier  aircraft  are  determined  more  directly  by  the  number  of 
landing  cycles  and  pressurization  cycles.  Table  A  shows  the  '"economic 
''■'Sign  life  -jhiectlve”  established  by  Boeing  for  four  of  its  w’idely  used 
c,omr,ierc  i  a !  ei'"craft.  Hole  that  for  each  airplane  a  twenty- year 
service  us*'  objective  is  set.  Objectives  for  landing  cycles  vary, 
however,  depending  on  anticipated  use  patterns  (short  f  1  igtits-m.any 
landings  vs.  long  flights  few  landings). 
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TABLE  4 

ECONOMIC  DESIGN  LIFE  OBJECTIVES 
FOR  FOUR  AIRCRAFT 


Aircraft 

Landing 

Cycles 

Hours 

Years 

707 

20,000 

60,000 

20 

727 

60,000 

50,000 

20 

737 

75,000 

51,000 

20 

747 

20,000 

60,000 

20 

Boeing  Commercial  Airplanes,  1989, 


Figure  2  shows  for  nine  aircraft  types  the  number  of  landing  cycles 
made  by  the  high-time  airplane  compared  with  the  economic  design  life 
objective  for  that  aircraft  type.  In  many  instances,  the  landing  cycle 
for  the  high-time  airplane  exceeds  by  a  considerable  amount  the  cycles 
established  initially  as  an  objective.  This  does  not  mean,  of  course, 
that  these  aircraft  are  in  danger  of  falling  apart  at  any  moment.  Each 
of  these  aircraft  has  been  periodically  inspected  and  maintained,  with 
worn  parts  and  systems  replaced,  as  these  landing  cycles  were 
accumulated.  "Economic  life  objective"  is  simply  a  concept  established 
during  the  design  of  the  airplane.  The  objective  is  not  set  as  a 
limitation  on  the  airpJane. 
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F  igure  2.  Landing  cycles  for  selected  active  air  carrier  aircraft.  (F AA,  1988;  Boeing 
Commercial  Airplanes,  1989) 

As  the  commercial  aircraft  fleet  in  the  United  States  ages,  and  as 
landing  cycles  increase,  the  burden  on  maintenance  grows.  The 
maintenance  industry  today  is  large  and  continues  to  grow  in  parallel 


with  the  expansion  of  airline  operations.  Table  5  shows  that  over  50,000 
mechanics  are  employed  today,  with  a  total  cost  for  maintenance  opera¬ 
tions  which  exceeds  $6  billion  per  year.  At  the  present  time,  about 
eleven  percent  (11%)  of  maintenance  activities  are  contracted,  with  the 
major  part  of  maintenance  being  accomplished  by  the  airlines  themselves. 
The  $6  billion  cost  for  maintenance  shown  in  Table  5  represents  an  outlay 
of  some  eleven  percent  (11%)  of  airline  o^eraring  revenues.  Maintenance 
is  expensive. 

TABLE  5 

MAINTENANCE  PARAMETERS 
FOR  U.S.  SCHEDULED  AIRLINES 


Mechanics  employed  =  51,233 

Maintenance  expenses  =  Over  six  billion  dollars 

Major  carriers  contract  11%  of  maintenance  work 
ATA  (1988);  Office  of  Technology  Assessment  (OTA)  (1988) 


Maintenance  costs  as  a  percentage  of  total  operating  costs  is 
important  but  it  may  not  be  the  best  indicator  of  maintenance  expense. 

The  percentage  will  be  influenced  by  the  contribution  to  operating  costs 
made  by  fuel  costs  and  non-maintenance  labor,  both  of  which  are  known  to 
have  wide  fluctuations.  Therefore,  maintenance  expense  trends  for 
specific  aircraft  are  considered  more  meaningful.  Figure  3  shows  the 
average  flight  equipment  maintenance  expense  for  the  B 72 7-200  fleet. 

shows  that  for  each  revenue  al'~craft  departure  since  1982,  there  'c-is 
iir.  a’'','CL'  vtea.iy  w...  r-e.ir.c  ivi  majntenance  expense. 


70  77  70  70  SO  01  82  83  84  88  80 

Yoar 


'  )uie  3.  Average  flight  equipment  maintenance  expense  for  8727-200  fleet  (Dollars 
revenue  departure).  (OTA,  1988) 
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In  summary,  data  describing  the  U.S.  aviation  industry  and  its 
supporting  maintenance  base  ohow  an  expanding  industry  in  which  the 
average  age  of  aircraft  used  both  by  commercial  airlines  and  by  general 
aviation  increases  each  year.  There  is  a  corresponding  increase  in 
maintenance  costs.  Both  of  these  trends  point  to  a  need  to  ensure  that 
aircraft  maintenance,  and  the  use  of  maintenance  personnel,  is  conducted 
as  efficiently  as  possible.  The  safety  of  the  public  and  the  economies 
of  air  transportation  support  programs  to  optimize  maintenance  operations. 
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Conclusions  and  Recommendations 


The  attendees  at  this  two-day  meeting  had  diverse  allegiances,  some 
being  from  he  Federal  Aviation  Administration  and  the  National 
Transportation  Safety  Board,  some  from  aircraft  manufacturers,  others 
from  the  airlines,  and  others  from  remaining  segments  of  the  industry. 

As  a  result,  many  of  the  suggestions  and  recommendations  which  were 
offered  were  specific  to  that  part  of  the  industry  represented  by  the 
attendee.  However,  some  themes  are  apparent.  The  following 
recommendations  represent  a  grouping  of  attendee  suggestions  according  to 
these  themes,  with  specific  recommendations  included  within  each  major 
topic.  Some  of  the  recommendations  are  directed  to  the  FAA;  others 
toward  the  industry  itself. 

Communications 


"CO''munication"  formed  some  part  of  more  recommendations  than  for  any 
other  topic  addressed  during  the  meeting.  Comments  were  made  by  several 
member.s  that  even  if  the  meeting  accomplished  nothing  else,  it  served  a 
very  useful  purpose  by  allowing  representatives  from  all  parts  of  the 
industry  to  get  together  and  exchange  views.  Credit  was  given  to  the  FAA 
for  providing  the  forum  in  which  this  exchange  could  take  place. 
Appaiently  the  changing  structure  of  the  airline  industry  as  it  proceeds 
through  deregulation  has  seriously  disrupted  industry  networking.  In 
earlier  days,  there  existed  a  more  effective  communication  network  among 
airline  operators,  a  network  which  also  included  manufacturers.  This 
network  does  not  seem  to  exist  today,  at  least  not  to  the  same  extent, 
and  attendees  voiced  a  real  need  either  to  rejuvenate  the  network  or 
replace  it  in  some  manner.  At  the  conclusion  of  the  meeting,  several 
attendees  expressed  a  desire  that  the  FAA  not  let  this  meeting  be  a 
one-of-a-kind  affair.  They  wished  to  see  some  comparable  get-together 
occur  at  least  once  a  year. 

The  purpose  of  a  periodic  meeting  would  be  to  review  maintenance 
problems  and  to  spread  word  through  the  industry  concerning  new 
procedures  and  new  technologies.  One  attendee  stated,  ”If  we  have  a 
safety  situation  and  have  options  to  resolve  the  problem,  everyone  shou'ld 
know  about  it." 

Another  expressed  need,  as  part  of  the  communication  entreaty,  was 
for  a  data  base  of  maintenance  information  to  be  shared  throughout  the 
industry.  There  does  not  exist  at  this  time  any  central  repository 
containing  assembled  knowledge  concerning  maintenance  procedures, 
technologies,  equipment  capabilities  and  limitations,  unique  aircraft 
problems,  personnel  variables,  and  so  on.  This  need  is  supported  by  the 
circumstances  surrounding  the  loss  of  an  engine  by  a  DC-10  during 
take-off  several  years  ago.  In  this  case,  apparently  one  operator  had 
learned  that  removing  the  engine  and  pylon  together  for  maintenance  could 
cause  cracking  of  part  of  the  structure  at  the  attach  point  between  the 
pylon  and  the  wing.  While  this  airline  obviously  stopped  using  the 
procedure,  word  of  their  experience  did  not  become  immediately  available 
to  the  rest  of  the  industry. 

The  point  was  made  that  manufacturers  need  to  team  with  aircraft 
operators  in  the  collection  of  necessary  data  for  an  industry  data  base. 
By  so  doing,  both  parties  would  have  better  insight  into  the  kinds  of 
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maintenance  errors  being,  made,  the  most  frequent  types,  and  aircraft 
design  features  relating  to  increased  error. 


Tbit  importance  of  continually  striving  to  ensure  good  communications 
between  airline  management  and  the  labor  force  was  noted.  Morale  of  the 
workforce  can  be  influenced  positively  by  letting  workers  know  when  a  job 
ha.s  been  well  done.  Also,  the  workforce  should  have  some  insight  into 
the  problems  being  faced  by  management.  For  example,  one  airline  had 
numerous  occurrences  of  engine  oil  leaks,  some  involving  inflight 
shut-downs  and  unscheduled  landings.  While  airline  management  was  quite 
concerned  over  these  occurrences,  it  apparently  viewed  them  as  a  series 
of  unrelated  mechanic  discrepancies  instead  of  a  systemic  problem.  As  a 
result,  appropriate  management  corrective  action  was  not  taken,  and 
appropriate  inf ormiation  and  concern  was  not  passed  to  the  workforce. 
Consequently,  maintenance  personnel  did  not  give  this  issue  the  full 
attention  it  should  have  received. 

Finally,  note  was  taken  of  the  fact  that  not  all  airline  operators 
attend  industry  meetings,  such  as  those  sponsored  by  the  Air  Transport 
Association.  In  fact,  the  point  was  made  that  operators  who  do  not 
attend  industry  meetings  are  the  same  ones  who  are  not  achieving  the  same 
level  of  maintenance  quality  as  other  operators.  The  communication  value 
of  such  meetings  is  undeniable.  Some  means  must  be  found  to  encourage 
all  operators  to  attend  these  meetings. 

Recommendations 


1.  The  FAA  should  sponsor  at  Least  one  more  meeting  addressing  human 
factors  and  personnel  problems  in  aircraft  maintenance  and  inspection. 

Ail  airline  operators,  including  regional  carriers,  should  be  invited. 

One  topic  would  be  to  assess  the  desirability  and  appropriate  means  for 
institutionalizing  this  industry  meeting.  While  there  might  be  some 
invited  speakers  to  discuss  new  technologies  or  comparable  matters,  a 
good  part  of  the  meeting  should  be  set  aside  for  panel  discussions  led  by 
an  industry  member  and  open  to  all  other  members. 

2.  The  FAA  should  consider  means  for  encouraging  or  developing  a 
data  base  of  industry  information  concerning  maintenance  technologies, 
procedures,  and  problems.  An  FAA-sponsored  Clearinghouse  for  Maintenance 
Information  would  be  of  great  value  to  the  industry.  Apparently  over  the 
last  several  years  the  Electric  Power  Research  Institute  (EPRI)  has  been 
developing  a  comparable  data  base  addressing  maintenance  issues  in 
nuclear  power  plants.  Possibly  a  representative  of  EPRI  could  describe 
this  data  base,  and  methods  for  developing  a  similar  one,  as  one  item  in 
the  FAA/ industry  meeting  described  in  Recommendation  1. 

Personnel 


Recruitment/Ava liability.  The  airline  industry  has  expanded  rapidly 
in  recent  years  with  a  consequent  need  for  larger  numbers  of  qualified 
maintenance  and  inspection  personnel.  Resources  to  meet  these  new 
staffing  requirements  have  not  always  been  there.  This  is  true  both  for 
trunk  carriers  and  for  regional  airlines.  In  fact,  regional  airlines  may 
be  even  harder  hit  as  sorne  of  their  personnel  move  to  major  carriers. 
Commuters  then  must  fill  their  ranks  from  maintenance  schools,  the 
military,  and  from  fixed-based  operators.  The  result  is  that,  both  for 
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major  carriers  and  for  regional  carriers,  the  workload  is  expanding  and 
the  experience  level  of  maintenance  pe'^sonnel  is  decreasing.  To 
illustrate,  the  following  statistics  apply  to  Inspectors  for  one  major 
carrier . 


46%  have  less  than  three  years 
22%  have  less  than  two  years 
12%  have  less  than  one  year 

This  is  in  an  operation  in  which  the  Manager  of  the  Inspection  Department 
estimates  that  it  takes  an  inspector  two  years  to  become  effective;  six 
years  to  become  efficient. 

The  result  of  the  lowered  level  of  experience  for  inspectors  and 
mechanics  is  that  work  is  done  more  slowly  and  more  mistakes  are  made 
that  must  be  corrected.  An  additional  burden  is  placed  on  the  inspector 
force . 

Training .  Much  discussion  during  the  meeting  centered  on  adequacy  of 
training  for  maintenance  personnel.  Much  of  the  problem  was  attributed 
to  requirements  for  training  established  by  the  FAA  in  Part  147  of  the 
Federal  Aviation  Regulations.  Some  parts  of  the  initial  training  covered 
by  Part  147  deal  with  woodwork,  welding,  fabric  skin  repair,  and  radial 
engines,  all  topics  of  little  consequence  for  the  carrier  jet  fleet.  The 
A&P  curriculum  was  generally  viewed  as  inadequate. 

Another  problem  is  that  avionics  technicians  who  have  completed  an 
FAA- approved  avionics  school  are  treated  differently  than  those  who  have 
completed  an  airframe  and  power  plant  school.  For  example,  an  Avionics 
Manager  cannot  be  Director  of  Maintenance  without  acquiriiig  an  A&P 
license.  However,  an  A&P  license  alone  qualities  one  to  become  Director 
of  Maintenance,  while  understanding  little  about  the  microprocessors, 
integrated  circuits,  and  sophisticated  avionics  which  are  critical  to 
modern  aircraft. 

The  general  dissatisfaction  with  Part  147  should  be  tempered  by  the 
knowledge  that  the  FAA  currently  is  reviewing  this  document  for  change. 
One  member  of  the  training  establishment  offered  the  suggestion  that 
during  this  period  of  change  consideration  be  given  to  expanding  coverage 
to  include  topics  covering  professional  ethics,  professional 
communications,  and  personal  commitment  to  one's  job.  He  felt  that  such 
training  could  be  of  considerable  value  in  expanding  the  professionalism 
of  maintenance  personnel  in  the  next  decade. 

One  suggestion  for  improvement  was  that  training  be  expanded  to 
include  certain  post-graduate  specialty  programs.  Such  programs  would  be 
added  to  the  existing  curriculum  and  would  be  elective.  This  would  be 
one  way  of  dealing  with  such  issues  as  the  fact  that  at  this  time  no 
training  is  required  for  helicopter  maintenance.  Also,  advances  in 
nondestructive  testing  (NOT)  technology  and  procedures  have  exceeded  the 
number  of  qualified  NDT  personnel.  One  of  the  graduate  courses  might 
include  use  of  such  advanced  test  systems. 

Training  for  maintenance  personnel  is  ongoing,  extending  to  some 
extent  throughout  their  career.  For  example,  one  operator  has  five 
percent  (5%)  of  the  inspector  force  in  formal  training  at  all  times. 
During  such  training,  maximum  use  should  be  made  of  new  training 
technologies .  For  instance,  videotapes  produced  in-house  are  now  being 
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used  by  one  carrier  to  illustrate  compliance  with  latest  Airworthiness 
Directives.  This  carrier  is  quite  pleased  with  results  of  its  video 
program.  This  and  other  technologies  should  be  used  industry-wide. 

Li censing/ Certification.  The  issue  of  "type  rating"  mechanics  in 
different  aircraft  was  raised  as  a  means  of  ensuring  that  a  mechanic's 
qualifications  are  appropriate  for  the  aircraft  on  which  he  works. 
Aircraft  are  becoming  more  sophisticated;  helicopters  are  extremely 
complex;  and  avionics  systems  represent  the  very  latest  in  technology. 

At  this  time,  airline  operators,  in  keeping  with  their  insurance 
coverage,  limit  the  duties  of  certain  mechanics  to  their  experience 
level.  However,  no  regulation  covers  this.  A  suggestion  was  made  that 
current  licensing  procedures,  particularly  with  respect  to  avionics 
technicians,  be  reviewed  and  that  consideration  be  given  to  the 
establishment  of  new  levels  of  licensing  and  certification.  The  Canadian 
Aviation  Regulations,  which  require  licensing  by  aircraft  type  for 
mechanics,  was  cited  as  a  possible  model. 

Discussions  among  all  attendees  brought  forth  pros  and  cons 
concerning  increased  licensing  or  certification.  Concern  was  expressed 
over  additional  layers  of  regulation.  However,  if  new  licensing 
techniques  would  add  to  the  quality  of  maintenance,  they  would  meet  with 
approval . 

Recommendations 


1.  The  current  review  of  Part  147  should  be  expedited  as  feasible. 
Results  should  include  provision  for  specialization  training  as  a  formal 
and  advanced  part  of  the  curriculum  of  approved  schools.  As  part  of  this 
effort,  consideration  should  be  given  to  current  licensing  procedures  for 
avionics  technicians.  These  procedures  should  be  revised  consistent  with 
the  growing  role  of  avionics  personnel  in  aircraft  maintenance.  The 
result  of  all  of  this  will  be  a  better  entry  product  into  airline 
operations  and  the  resolution  of  some  current  job  problems. 

2.  Consideration  should  be  given  to  ways  of  promoting  aviation 
maintenance  as  a  career.  The  FAA  can  play  a  useful  role  by  encouraging 
or  actually  developing  some  promotional  materials.  Are  brochures 
describing  aviation  maintenance  available  for  distribution  at  the  high 
school  level?  Is  there  an  up-to-date  video  which  describes  the 
profession  and  its  rewards? 

3.  Should  there  be  another  meeting  of  this  type,  as  recommended 
earlier,  "training  technology"  should  be  a  key  topic.  The  FAA  should 
invite  some  expert  who  is  familiar  with  all  of  the  latest  training 
systems  to  conduct  this  session. 

Job  Pressures 


Time  pressure,  also  known  as  "gate  time,"  is  considered  by  many  to  be 
the  most  important  factor  affecting  perfomxance  of  mechanics  and 
inspectors.  Management  and  the  mechanic  force  have  the  pressure  of 
getting  the  airplane  to  the  gate  on  time.  Inspectors  have  the  pressure 
of  being  certain  the  aircraft  is  airworthy.  The  conflict  between  these 
two  driving  pressures  can  produce  an  adversarial  relationship  which  does 
not  benefit  either  side. 
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Ground  time  available  for  maintenance  also  can  produce  job 
pressures.  Striving  for  higher  aircraft  utilization  means  that  more 
maintenance  must  be  accomplished  in  fewer  hours,  with  these  hours 
frequently  being  at  night.  Under  tiiese  conditions,  the  need  to  meet  an 
early  a.m.  departure  time  can  again  cause  friction  between  the 
maintenance  and  inspection  groups. 

The  consensus  is  that  inspectors  must  be  insulated  from  production 
and  from  all  the  rest  of  maintenance,  yet  these  groups  must  complement 
one  another.  In  some  operations,  this  insulation  is  expressed  in  writing 
and  supported  verbally.  Yet  the  pressure  for  on-time  service  inevitably 
will  cause  some  group  dissonance.  The  objective  is  to  insure  that  such 
dissonance  does  not  seriously  impact  the  performance  of  either  group. 

One  way,  of  course,  is  to  have  inspectors  and  mechanics  report  to 
management  through  different  organizational  chains.  Even  here,  however, 
the  pressures  remain. 

Another  factor  impacting  job  performance  is  fatigue.  Young  mechanics 
just  out  of  school  who  may  be  starting  a  family  find  it  difficult  to  do 
so  on  entry  wages.  As  a  result,  they  take  a  second  job  and  are  quite 
fatigued  by  the  end  of  their  maintenance  shift,  particularly  if  it  is  the 
night  shift.  In  other  instances,  the  shortage  of  mechanics  requires 
overtime  work  which  itself  contributes  to  fatigue.  All  of  this  tends  to 
make  maintenance  personnel  more  error-prone. 

Recommendat ions 


1.  All  parties  should  consider  ways  to  insulate  inspectors  from 
management  and  from  Ihe  rest  of  the  Maintenance  Department.  Inspectors 
should  not  feel  the  "gate  time”  pressure.  With  older  aircraft,  it  is 
particularly  important  that  inspector  performance  be  of  the  highest 
quality.  This  might  mean  a  review  of  inspection  tasks  to  see  how  many, 
if  any,  might  be  shifted  from  ongoing  maintenance  activities  to  the 
longer  scheduled  maintenance  visits,  where  gate  time  is  a  more  distant 
concept.  Supervisory  personnel  should  be  given  some  training  in  the 
detection  of  fatigue  and  its  insidious  effect  on  work  performance.  If 
fatigue  appears  to  be  a  constant  problem,  some  rescheduling  of 
maintenance  activities  might  be  considered.  The  first  step,  of  course, 
is  to  determine  whether  fatigue  is  or  is  not  a  problem. 

Performance  Improvement/ Job  Design 

Many  individual  variables  can  be  considered  in  a  program  to  improve 
performance  for  maintenance  personnel.  A  human  factors  scientist  in 
attendance  indicated  that,  for  inspector  performance,  such  variables 
include  conspicuity  of  the  signal  (flaw),  signal-to-noise  ratio,  length 
of  inspection  periods,  social  atmosphere,  and  others.  Pursuing  this 
list,  in  effect,  constitutes  job  redesign,  which  has  high  potential  for 
performance  improvement.  A  proper  job  redesign,  however,  would  not 
consider  each  of  these  variables  separately. 

A  full  job  design,  or  redesign,  would  begin  with  a  specification  of 
overall  system  objectives  and  the  contribution  of  the  human.  The  human 
would  be  considered  as  one  system  component  with  the  designer’s  job  then 
being  one  of  matching  other  system  elements  to  the  human.  This  is  done 
on  the  basis  of  a  task  analysis  of  operator  activities.  The  task 
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analysis  points  to  man/machine  mismatches,  workloading  of  the  human,  and 
matiy  other  variables  related  to  performance.  A  meaningful  job  redesign 
requires  a  task  analysis  as  a  starting  point. 

An  important  product  of  a  task  analysis  is  a  description  of  the  kind 
of  performance  feedback  required  and  the  manner  in  which  it  should  be 
presented.  Human  factors  scientists  noted  that  feedback  must  be 
complete,  relevant,  and  timely  to  be  effective.  However,  the  requirement 
for  feedback  is  highly  dependent  on  the  nature  of  the  task.  In  one  study 
cited,  performance  in  a  visual  inspection  task  was  markedly  improved 
simply  by  providing  feedback  concerning  the  inspector's  performance  more 
rapidly.  The  importance  of  feedback  to  job  design  was  very  apparent. 

One  attendee  noted  the  need  for  a  research  center,  or  at  least  a 
coordinated  research  effort,  which  might  be  dedicated  to  studies  of  job 
design  and  aircraft  design  and  the  contribution  of  each  to  maintenance 
error.  He  noted  that  there  is  no  place  where  regulatory  agencies, 
operators,  and  manufacturers  can  team  together  to  examine  concepts  and 
other  variables  assumed  to  play  a  part  in  maintenance  effectiveness. 

Recommendations 


1.  Consideration  should  be  given  by  the  FAA  to  an  effort  in  which  a 
task  analysis  could  be  conducted  both  of  maintenance  performance  and 
inspection  performance.  To  be  useful,  such  an  analysis  need  not  describe 
performance  on  a  second-by-second  basis.  It  should  be  done  in  sufficient 
detail,  however,  that  the  physical,  perceptual,  and  mental  aspects  of  the 
task  can  be  reviewed.  Input/output  requirements  and  task  loading  must  be 
defined.  A  description  of  relevant  environmental  factors  also  will  be 
needed.  In  all,  the  task  analysis  should  be  conducted  in  sufficient 
detail  that  results  can  feed  directly  into  computer-based  efforts  to 
model  maintenance  and  inspection  performance. 

2.  The  suggestion  concerning  development  of  a  research  center  where 
maintenance  concepts  might  be  studied  in  detail  warrants  careful  review. 
Inasmuch  as  either  the  FAA  Technical  Center  or  the  Civil  Aeromedical 
Institute  could  undertake  such  a  program,  no  new  facilities  would  be 
needed.  An  additional  task  element  to  either  facility,  with  appropriate 
guidance  and  funding,  could  initiate  this  research  cei.ter. 

Maintenance  Information 


Effective  maintenance  is  predicated  on  a  continuing  flow  of 
information.  The  infomation  supporting  maintenance  must  be  timely, 
accurate,  appropriate  to  user  requirements,  and  in  a  form  readily 
understood.  A  number  of  comments  indicated  concern  over  the  adequacy  of 
maintenance  information  today. 

The  demand  for  new  generation  aircraft  apparently  has  resulted  in 
aircraft  being  placed  in  service  before  a  full  technical  support  program 
can  be  developed.  One  consequence,  according  to  regional  air  carriers, 
is  that  maintenance  manuals  are  inadequate.  They  leave  much  to  be 
desired  in  terms  of  wear  limits,  damage  limits,  repair  schemes,  and 
adequate  or  accurate  wiring  diagrams.  As  a  result,  operators  must 
frequently  make  requests  of  manufacturers  for  repair  limits,  repair 
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ichenif’j,  a;id  other  rt'lief.  Tliio  lm  err.iation  is  only  forthcoaiing  after  it 
h.as  loj.  ed  by  engirieers  .o'd  approved  by  FA,A  representatives. 

This  causes  delays  in  the  provisicin  of  good  technical  information  and  is 
i  scarce  of  frustration.  Maintenance  personnel  are  precluded  from 
proceed  ir.)-’  with  subjective  repair  judgments  which  might  conflict  with 
Later  maintenance  documentation. 

Wfiere  a  number  of  individuals  are  doing  the  same  work, 
standardization  of  Information  is  essential.  Although  there  is  an  ATA 
system  whi  .',h  specifies  a  standard  format  for  finding  material  in  a 
:r,a  interiance  manual,  the  material  itself  differs  among  manufacturers. 

Ma  inter:  .iiice  and  inspection  manual;'-  themselves  are  not  standard  in  terms 
of  .ohape ,  size,  or'  format.  Standardization  of  Language  requires 
-a;id  L  t.  i  :j:  .a  1  work.  For  example,  turbine  temperatures  for  different 
-iircr.ift  .ire  expressed  as;  EGT ,  I'-'i  ,  T5 ,  TIT,  and  TOT.  Although  areas  of 
pickup  ou  Che  ei.gine  may  differ,  .ill  of  the  figures  produce  the  same 
i  n  f  cl  r;' .:i  *,  i  cj  ci .  3 1.  .andard  i  zat  Lon  of  format  and  language  would  be  of  value. 

Th-  -i-'ln-Ic-n  C'idustry  well  rec.ignizts  the  need  for  proper  maintenarice 
;  r  f  s  r:  -i .  T:i  a;,  ■'-ffort  to  Impir.ve  the  situation,  several  years  ago 

Ic'-rJ-..  Ate  LMtt  C-.^mpany  devel.'ped  an  "Advanced  Maintenance 
mi  . ..j '.  i  'i!,  P,ick>t."  In  this,  m.t  i  r:t  eriance  tasks  were  presented  in 
■  with  r,.p..iny  ing  graphic  pe-esentat  ions  ,  with  cautions  and 

i-i':  ;  it  Inl  ;  t.h-'  sequence,  a;-..’,  with  tools  and  special  equipment 
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to  the 

task  Te 

-t:.-  showed  a  considerable  reduction  in 

ill- 

packet 

was  useci 

f  ',  '  ' 

0.:r,u;y  , 

in  ai;ut}i>u 

pr -jguar.i  tc  improve  the  situation. 
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*  -J  I  ^  i'  l‘  : 

■p..;  ‘  er  i  zed  ,  tlius  eliminating  the  task 

!  -  \ 

^  h-’  ;■  ic; 

. 'jfilin  :-ea:' 

"/pr  i  nter  .  Material  now  is  acce.ssed 

'  ;  :  '.  y  ‘  f  ;;  t  h^  cip'pu er  aiici  it:  'v...  fe  readily  available.  Errors 

•  '  .  ;  •  -i  pr>-'v' i-.'i ;  y  it,  prep.ir  i  i:,c,  data  for  ttu-  mectianic  tiave  now  been 
c  .  L-’  .  c'-.i  . 

'  t- >  rill,  c-;-;  is:;uc-;.  wi*h  '.'.crvicc  Bulletins.  These  bulletins, 

r  ii-.;  ‘i)  th'  t'-i.an'.j  1  .-i-.  t  urt'f  and  r*  viewed  by  the  FAA,  are  used  to 
i  b’t  '  i  !  ;,  .iirc  raft  frcit  lem.:  and  maintenance  needs  after  the  airplane  has 
•■(.‘eri  'i  .U’rvice  They  are  prepared  by  engineers  and  can  be  complex, 

■  ’i:',i';g  l.iiiguag'-"  more  meaningful  to  engineers  than  mechanics.  The 

ing  C  jmp.iny  it,  attempting  to  improve  these  bulletins  by  using 
"  t  i '-'.p 'i  i  f  i  ed  English."  Apparently,  however,  much  remains  to  be  done  by 
the  industry  at  large  with  respect  to  Service  Bulletins. 

Tn  an  effort  to  extend  the  state  of-the-art  of  information 
presentation,  the  Air  Force  has  been  working  for  some  years  on  an 
Integrated  Mainttniance  Inf  ormiat  ion  System  in  which  needed  information  is 
provided  to  a  mechanic  directly  at  the  flight  line  through  use  of  a  video 
display.  Through  this  ilisplay,  the  technician  can  access  a  number  of 
different  data  bases  to  support  his  immediate  requirements.  In  the 
preparation  of  this  system,  scheduled  for  field  testing  within  the  next 
fiw  year;',,  thf-  Air  Force  has  addressed  many  of  the  human  factors  issues 
involved  in  preparation  and  delivery  of  maintenance  information. 

R  e  c  qPTOe  ru^  t  i  o  ns 

1  Any  program  to  improve  maintenance  performance  must  address  the 
issue  of  adequacy  of  maintenance  information.  Technical  documentation  to 
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support  maintenance  must  be  ac  ,i'i'ate  and  timely,  must  meet  the  needs  of 
the  user,  and  must  be  presented  in  a  completely  intelligible  fomal.  The 
FAi.  sh.ould  review  its  surveil  lai.ee  of  maintenance  manual  pieparation  to 
ensure  that  proper  technical  data  are  supplied  to  operators,  particularly 
concerning  "ear  limits,  damage  limits,  and  repair  schem.es. 

2.  The  FAA  should  sponsor  a  program  to  collect  and  categorise 
intorm.atlon  on  research  .activities  pertaining  to  maintenance  data.  We 
know  of  wo''k  being  done  by  Douglas,  Boeing,  and  the  Ai.r  Force.  w--’  do  not 
know  of  Oiher  Industry  initiatives  or  of  relevant  research  outside  the 
aviation  industry.  should  there  be  another  meeting  addressing  human 
perfonaai.ce  in  aviation  maintenance,  one  session  should  be  devoted 
entirely  to  "Requirements  and  Advances  in  the  Improvement  of  Maintenance 
Information . " 


APPENDIX  A 


FkA  Regulatory  Requirements 
For  Aircraft  Maintenance  and  Inspection 

Raymond  E.  Ramakis 

Manager,  Aircraft  Maintenance  Division 
Federal  Aviation  Administration 

The  attention  of  this  meeting  is  on  the  human  factors  of  aircraft 
maintenance  and  inspection.  Rightfully  so,  since  this  is  where  the 
problems  are.  If  we  find  some  failure  in  aircraft  design,  we  can  issue 
an  Airworthiness  Directive  and  thus  correct  the  situation.  Procedures 
for  dealing  with  design  issues  and  aircraft  faults  are  clearly  specified 
by  the  FAA.  It  is  the  area  of  human  factors  that  has  not  been  touched. 

I  would  like  at  this  time  to  review  in  veiy  general  terms  the 
regulatory  requirements  established  by  the  FAA  for  aircraft  maintenance 
and  inspection  and  note  the  human  factors  implications  of  these 
regulations . 

In  the  certification  process  for  a  new  aircraft,  regulations  require 
the  manufacturer  to  develop  an  appropriate  maintenance  program. 

Basically,  he  is  required  to  provide  an  airplane  manual  and  a  continued 
airworthiness  program  for  his  airplane. 

The  basic  maintenance  and  inspection  program,  for  large 
t L'ar.sport- category  airplanes,  is  'developed  through  a  Maintenance  Reviev; 
Board  and  a  failure-fault  analysis  system.  This  system  allows  the 
nanufacturer ,  the  Federal  Aviation  Administration,  and  the  airlines  to 
work  together  in  shaping  a  maintenance  plan.  The  result  is  the  initial 
program  for  maintaining  an  airplane.  The  process  offers  the  manufacturer 
an  excsilent  method  for  establishing  a  program  that  is  acceptable  both  to 
the  airlines  and  to  the  FAA. 

As  the  aircraft  enters  revenue  service,  it  comes  under  Part  121  of 
the  Federal  Aviation  Regulations.  Within  Part  121  is  Subpart  L, 
■'Maintenance  Requirements,”  which  contains  the  federal  regulation  that 
governs,  in  a  broad  sense,  what  airlines  can  and  cannot  do  with  that 
aircraft.  These  regulations  are  adopted  and  reviewed  by  the  FAA  through 
what  we  call  Operations  Specifications.  This  allows  the  development  of  a 
complete  and  comprehensive  maintenance  program  which  has  been  put 
together  and  agreed  to  by  all  parties. 

The  final  document  resulting  from  the  above  process  is  called  a 
Continuous  Airworthiness  Maintenance  Program.  It  covers  every  aspect  of 
maintaining  that  airplane  from  A  to  Z  -  not  a  stone  is  left  unturned;  but 
it  does  not  address  the  human  process.  The  document  describes  the 
intervals  between  maintenance  checks;  that  is,  when  an  "A”  check  is 
required,  when  a  "B"  check  is  required,  etc.  It  describes  all 
programs  that  the  airline  must  comply  with  in  order  to  be  in  accordance 
with  the  regulations.  But,  again,  it  does  not  address  the  human  process. 

Federal  Airworthiness  Regulation  Part  121  does  speak,  in  broad  terns, 
of  the  requirement  for  a  certificate  holder  to  ensure  that  competent 
personnel  and  adequate  facilities  and  equipment  are  provided  for  the 
performance  of  maintenance.  This  is  the  extent  to  which  human  factors 
are  addressed.  Ideally,  interpi trting  those  broad  terms  fully  means  that 


when  an  aircraft  comes  in  for  a  check,  there  will  be  an  abundance  of 
well- trained  mechanics  and  inspectors,  available  in  well- lighted, 
well-heated  and  cooled  hangars  with  plenty  of  ground  time  to  accomplish 
the  required  maintenance  and  inspections. 

Unfortunately,  the  world  described  above  does  not  exist  in  reality. 
Aircraft  typically  fly  all  day,  with  utilization  rates  of  8  to  12  hours 
per  day,  and  are  scheduled  for  maintenance  late  at  night.  Maintenance 
personnel,  in  turn,  face  a  demanding  schedule  to  ensure  that  the  airplane 
is  available  to  meet  the  next  schedule.  The  nature  of  the  flight  leg, 
since  deregulation,  in  which  "hub  and  spoke  operations"  are  used,  adds  to 
the  problems  of  the  mechanic. 

The  constant  pressure  of  ensuring  that  flights  maintain  an  on-time 
schedule,  partially  caused  by  the  Department  of  Transportation,  has  the 
inevitable  result  of  placing  heavy  pressure  on  maintenance  operations  and 
increasing  the  likelihood  that  maintenance  will  be  hurried  and  possibly 
inadequate . 

Training  of  maintenance  personnel  is  another  matter  for 
consideration.  The  quality  of  training  varies  through  the  industry. 

Some  airlines  have  training  programs  that  would  rival  a  university,  with 
considerable  time  and  resources  invested.  In  other  instances,  training 
is  not  nearly  as  good,  although  it  will  meet  minimum,  standards 
established  by  the  FAA. 

Facilities  built  for  aircraft  maintenance  bring  their  own  problems. 
These  structures  are  large  simply  because  they  have  to  hold  large 
aircraft,  test  stands,  and  other  maintenance  equipment.  They  do  not  lend 
themselves  to  good  environmental  control.  Even  the  newest  hangars  used 
by  some  of  the  largest  airlines  are  very  cold  during  the  winter  and  very 
hot  during  the  summer.  In  addition,  the  lighting  may  or  may  not  be 
optimum  for  the  kind  ol  maintenance  being  performed.  However,  all  of 
these  facilities  are  completely  in  compliance  with  FAA  regulations. 

The  filial  factor  for  consideration  is  that  of  economics.  Aircraft 
maintenance  definitely  is  affected  by  the  financial  condition  of  an 
airline.  Facilities,  tools,  and  the  work  environment  are  negatively 
affected  in  an  airline  with  financial  difficulty.  This  is  unfortunate, 
but  it  is  true.  All  too  frequently,  financial  attention  is  given  first 
to  operations,  next  to  marketing,  and  finally  to  maintenance.  Yet,  even 
with  an  austere  maintenance  activity,  an  airline  can  remain  in  compliance. 

Considering  that  all  airlines  essentially  are  in  compliance  with  FAA 
regulations,  do  we  have  a  prob’am?  Unfortunately,  there  are  indications 
that  we  do.  There  is,  of  course,  the  well  known  Aloha  Airlines 
accident.  There  also  are  instances,  in  which  human  factors  definitely 
played  a  role,  that  could  have  resulted  in  an  accident  but  fortunately 
did  not.  In  one  case,  discussed  earlier,  a  737  was  found  to  have  a 
number  of  cracks,  one  of  which  was  55  inches  long.  This  was  covered  by 
three  layers  of  paint.  A  related  Airworthiness  Directive  said,  "do  a 
visual  inspection."  Tiie  visual  inspection,  of  course,  was  not  adequate 
to  reveal  these  cracks  even  though  there  was  a  slight  bulge  (3/64")  under 
the  three  layers  of  paint.  The  problem  was  only  noted  when  the  paint  was 
stripped . 
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In  the  case  of  a  DC-9  accident  at  Minneapolis  some  time  ago,  there 
were  spacers  in  the  engine  that  were  to  be  replaced  if  cracked.  The 
results  of  the  accident's  investigation  by  the  National  Tt ansportation 
Safety  Board  indicated  that,  although  this  could  not  be  proved  without 
doubt,  there  were  cracks  in  the  spacers  and  the  spacers  were  not 
replaced.  The  investigation  determined  that  there  were  no  training 
records  for  the  person  doing  the  inspection.  There  also  were  no  records 
indicating  whether  his  eyesight  was  good  or  bad. 

When  maintenance  programs  fail  in  some  manner,  as  we  have  discussed 
above,  the  FAA  must  assume  a  measure  of  responsibility.  Airworthliiess 
Directives  and  other  FAA  messages  to  industry  are  perhaps  not  as 
practical  as  they  could  be  or  as  well  written  as  they  should  be. 

FAA  regulations  also  deal  somewhat  superficially  with  training 
requirements  for  maintenance  personnel.  For  example,  consider  the 
training  for  "required  inspection  personnel."  These  are  the  indi/lduals 
who  inspect  an  aircraft  area  where  maintenance,  if  done  improperly,  could 
lead  to  a  catastrophic  result.  In  effect,  these  inspectors  provide  a 
double  set  of  eyes  to  ensure  adequacy  of  m.cintenance .  While  this 
position  is  of  obvious  importance,  1*^0  regulation  simply  states  that 
"each  certificate  holder  must  ensure  that  persons  wlio  perform  required 
inspections  are  approprietciy  certificated,  properly  trained,  qualified, 
and  authorized  to  do  oO." 

Final’y,  keep  in  mind  the  inspector  who  may  be  on  top  of  an  airplane 
at  .1;C0  a.m.  ,  under  colei  conditions,  and  working  his  way  down  lines  of 
rivets  that  in  all  might  be  1,000  feet  long.  This  is  the  individual  who 
must  perform  his  job  with  complete  precision  if  the  aircraft  is  to  be 
totally  safe.  We  must  consider  these  human  factors  issues  and  not  build 
potential  errors  into  the  system  through  neglect  of  them. 


Maintenance  and  Inspection  Issues  in 
Aircraft  Accidents/Incidents,  Part  I 

Barry  Trotter 

Aviation  Safety  Investigator 
National  Transportation  Safety  Board 

The  data  bases  maintained  by  the  National  Transportation  Safety  Board 
include  listings  of  aircraft  accidents  and  incidents  related  to 
maintenance  and  inspection  factors.  For  Part  135  operators,  those 
offering  air  taxi  and  charter  services,  approximately  200  such  events 
have  been  recorded  for  over  the  past  ten  years.  This  includes  those 
c'Lttlng  Docn  scheauied  ana  unacheduieu  services.  For  Fart  121 
operators,  the  comrriercial  air  carriers,  the  number  is  49. 

In  terms  of  any  statistical  assessment,  the  above  numbers  are  quite 
small.  However,  these  numbers  must  be  approached  cautiously  since  they 
may  represent  only  the  tip  of  the  iceberg.  In  the  sequence  of  events 
leading  to  any  aircraft  accident,  one  may  find  that  a  maintenance  or 
inspection  lapse  played  some  part,  even  though  the  lapse  might  not 
represent  a  primary  cause  of  the  accident. 

An  example  of  an  event  in  which  inspection  lapses  played  an  important 
part  is  provided  by  the  account  of  a  commercial  727  which  lost  an  engine, 
in  the  literal  sense,  while  approaching  San  Diego  several  years  ago.  In 
this  case,  water  from  a  leaking  toilet  caused  a  block  of  blue  ice  to  form 
on  the  exterior  of  the  aircraft  which  then  broke  loose  and  was  ingested 
by  the  engine,  causing  the  engine  to  break  loose  from  the  airplane.  In  a 
review  of  the  circumstances  leading  to  this  accident,  it  was  found  that 
the  toilet  had  been  leaking  for  some  time  and  no  one  had  picked  it  up 
during  any  of  a  number  of  inspections  of  the  aircraft.  These  included 
routine  inspections  as  well  as  the  customary  preflight  walk-around  by  the 
flight  crew.  Why  the  leak  was  not  discovered  is  not  easy  to  explain 
since  the  blue  lavatory  water  had  caused  a  blue  streak  back  over  the 
aircraft  and  over  the  wing.  On  examination  of  the  aircraft  it  was  found 
that  the  stain  had  been  there  for  some  time. 

Some  inspection  problems  arise  as  a  result  of  complexities  in  the 
regulatory  process  which  overlies  aircraft  maintenance.  An  example  is 
provided  by  a  737  airplane  which  was  delivered  to  a  commercial  airline  in 
1969.  Subsequently  it  was  acquired  by  another  airline,  which  completed 
the  mandatory  Airworthiness  Directive  inspection  of  exterior  rivets  in 
May  of  1988,  about  five  months  ago,  and  was  given  a  clean  bill  of 
health.  This  Airworthiness  Directive  did  not  require  inspection  down  to 
Stringer  14  below  the  window  line.  However,  there  are  Service  Bulletins, 
which  are  not  mandatory  in  the  regulatory  sense,  covering  that  area  of 
the  aircraft.  Obviously,  the  new  operator  was  not  informed  concerning 
whatever  compliance  the  previous  operator  had  made  with  these  Service 
Bulletins . 

When  the  aircraft  was  stripped  for  repainting  recently,  a  12-inch 
crack  was  discovered  in  the  Stringer  14  area.  This  crack  had  nicotine 
stains  and  other  buildup  indicating  it  had  been  there  for  some  time. 

Along  the  line  trailing  this  crack  were  multiple  smaller  cracks,  adding 
up  to  approximately  a  55-inch  area  with  a  potential  for  a  serious  rupture 


of  the  aircraft's  structure.  We  do  not  believe  that  these  cracks 
appeared  between  May  and  the  time  the  aircraft  was  stripped  for 
painting,.  In  order  to  learn  more  about  this,  the  NTSB  has  had  that  part 
of  the  aircraft  cut  out  and  brought  to  our  laboratory  for  in-depth  study. 

Other  inspection  issues  arise  from  procedures  established  by 
operators  to  conduct  specific  maintenance  activities.  In  some  cases  the 
procedure  may  be  entirely  adequate,  but  the  next  higher  procedure  -  the 
one  designed  to  ensure  that  maintenance  personnel  comply  with  the  basic 
procedure  -  is  inadequate.  In  a  classic  example,  an  L-1011  airplane  was 
proceeding  from  Nassau  to  Miami  when  it  suffered  multiple  engine  failures 
due  to  loss  of  oil.  Chip  detectors  had  been  replaced  in  the  engines 
without  the  required  0-rings,  and  the  oil  simply  ran  out. 

In  the  p^o<'e<ji)res  used  for  replacing  chip  ^  niairfenance 

supervisor  would  remove  the  0-rings  from  a  sealed  packet,  put  them  on  the 
chip  detector,  and  hand  it  to  the  mechanic  in  exchange  for  the  chip 
detectors  removed  from  the  aircraft.  In  the  case  at  hand,  the  supervisor 
was  not  present,  so  the  mechanic  simply  picked  up  a  set  of  chip  detectors 
having  no  0-rings  in  place  and  installed  the  detectors  in  the  engine. 
While  the  usual  practice  of  the  airline  precluded  such  an  occurrence, 
there  was  no  specific  procedure  designed  to  prevent  this  from  happening. 
In  the  case  of  the  mechanic,  one  can  only  surmise  that  perhaps  boredom 
and  the  repetitive  nature  of  this  process  might  have  played  a  role. 

The  use  of  Service  Bulletins  to  define  maintenance  requirements 
deserves  a  special  comment  here.  Service  Bulletins,  prepared  by  the 
manufacturer  and  reviewed  by  the  FAA,  are  used  to  identify  aircraft 
problems  and  maintenance  needs  after  an  airplane  has  entered  commercial 
service.  Service  Bulletins  often  advise  compliance  if  an  operator  is 
engaged  in  a  particular  type  of  operation  and  also  suggest  a  schedule  for 
compliance.  Service  Bulletins  are  not  mandatory. 

A  problem  arises  when  an  airline  is  not  large  enough  to  have  an 
engineering  staff  capable  of  evaluating  the  many  Service  Bulletins  that 
arrive  to  select  those  which  address  particularly  the  type  of  flight 
activities  in  which  the  operator  is  engaged.  There  may  also  be  issues  of 
economy.  In  any  event,  many  Service  Bulletins  u/  not  get  proper 
attention  and  thus,  when  the  airline  is  acquired  by  another  operator  at 
some  later  date,  the  new  owner  has  only  a  hazy  idea  of  the  maintenance 
condition  of  his  new  aircraft.  He  may  not  have  specific  information 
concerning  which  Service  Bulletins  were  done  and  which  were  not  done. 

On  one  occasion,  one  cargo  airline  acquired  an  aircraft  from  another 
carrier  and  received  all  maintenance  records  in  a  cardboard  box.  In  the 
changeover,  records  were  not  systematically  reviewed  and  some  procedures, 
including  the  mandatory  Airworthiness  Directives,  were  not  followed.  One 
Airworthiness  Directive  required  trailing  edge  flap  spindles  to  be 
replaced  after  18,000  hours  of  service.  While  making  an  approach  in  this 
airplane,  two  of  these  spindles  broke  due  to  stress  corrosion,  causing 
se  '.ous  flight  control  difficulties.  In  the  investigation  it  was  found 
that  the  operator,  unaware  of  the  18,000  hour  requirement,  had  scheduled 
replacement  on  their  nonnal  schedule  to  occur  at  28,000  hours.  They  were 
running  approximately  10,000  hours  past  the  time  for  replacement  required 
by  the  Airworthiness  Directive. 


The  above  examples  illustrate  some  of  the  aviation  accidents  and 
incidents  reviewed  by  the  National  Transportation  Safety  Board  which  have 
been  caused,  at  least  in  part,  by  problems  in  maintenance  and 
inspection.  In  general,  however,  one  must  conclude  that  the  system,  as 
it  now  exists,  works  pretty  well.  Millions  of  hours  are  flown  each  year 
with  very  few  accidents.  Nonetheless,  there  are  two  exceptions  to  this 
system  which  I  think  should  be  noted.  One  is  the  individual,  whether  it 
be  an  airline  operator  or  a  single  mechanic,  who  is  not  performing  to  the 
standards  of  the  rest  of  the  industry.  In  this  case,  I  believe  it  is 
incumbent  upon  the  FAA  surveillance  system  to  be  able  to  spot  this 
individual  and  implement  a  program  to  ensure  that  his  work  improves. 

This  is  especially  true  for  the  airline  operator.  For  the  individual 
mechanic,  the  responsibility  falls  more  upon  the  airline  management. 
However  it  is  done,  we  must  have  consistency  of  maintenance  and 
inspection  through  all  of  aviation.  In  general,  this  will  involve  more 
than  simply  "complying  with  minimum  FAA  standards." 

The  second  exception  concerns  the  phased  maintenance  program  in  which 
a  full  maintenance  activity,  such  as  a  D  check,  is  spread  across  52 
blocks  over  eight  years.  This  means  that  the  airline  operator  does  not 
get  a  complete  look  at  any  one  time  at  any  of  the  aircraft's  systems.  It 
also  means  that  seven  years  in  a  high  cycle  operation  may  pass  before  the 
operator  looks  again  at  a  critical  portion  of  the  aircraft.  This  may 
simply  be  too  long  to  ensure  adequate  surveillance  of  developing  aircraft 
problems . 

The  National  Transportation  Safety  Board  conducts  extensive 
investigations  of  aircraft  accidents  and  incidents  of  the  type  I  have 
just  described.  Some  of  these  events  can  be  traced  to  the  performance  of 
personnel  conducting  maintenance  and  inspection  operations.  Although 
aircraft  accidents  directly  traceable  to  lapses  in  maintenance  and 
inspection  are  rare,  they  warrant  continuing  attention  by  the  aviation 
industry. 


Maiatenance  and  Inspection  Issues  in 
Aircraft  Accidents/InciJents ,  Part  II 

James  W.  Danaher 

Chief,  Human  Performance  Division 
National  Transportation  Safety  Board 

We  at  the  National  Transportation  Safety  Board  are  visited  frequently 
by  persons  wishing  to  use  our  data  systems  as  they  seek  answers  for  a 
variety  of  questions  in  aviation.  Usually  the  visitors  come  away 
somewhat  disillusioned  and  with  considerably  less  than  they  had  hoped  for 
in  the  way  of  answers.  The  statistics  we  maintain,  while  they  can  be 
very  useful,  just  do  not  always  offer  complete  answers  for  aviation 
questions.  This  is  particularly  true  concerning  maintenance  and 
inspection.  The  number  of  accidents  and  incidents  in  which  maintenance 
and  inspection  errors  are  cited  as  causal  or  contributory  factors  is 
quite  small.  This  small  number  of  recorded  events  does  not  mean  that 
such  occurrences  are  not  significant  and  pervasive.  Rather,  it  merely 
indicates  that  accidents  and  incidents  are  not  a  sensitive  measure  of  the 
significance  of  the  maintenance  and  inspection  problem. 

From  a  philosophical  standpoint,  we  must  realize  that  an  accident  or 
incident  is  at  the  end  of  a  sequence  of  events  which,  in  some  respects, 
could  be  thought  of  as  a  complete  breakdown  of  our  aviation  system.  In 
such  case,  all  of  the  measures  and  safety  margins  which  have  been 
contrived  to  prevent  accidents  have  broken  down;  in  that  same  sense,  a 
mid-air  collision  represents  the  ultimate  breakdown  in  the  traffic 
control  separation  system.  In  the  chain  of  events  leading  to  an 
accident,  maintenance  errors  generally  happen  way  upstream,  with  many 
opportunities  to  interrupt  the  chain  and  prevent  the  accident.  Accidents 
thus  can  be  seen  to  be  a  very  poor  indicator  of  the  real  frequency  of 
maintenance  and  inspection  errors. 

Earlier  during  this  meeting,  the  comment  was  made  that  the  aviation 
community  has  barely  scratched  the  surface  in  looking  at  the  human 
element  in  maintenance  and  inspection.  This  certainly  appears  to  be 
true.  A  look  at  the  Safety  Board’s  categorization  of  errors  in  its 
aviation  accident  and  incident  data  system  indicates  there  is  only 
limited  coding  capability  to  realistically  tally  the  errors  that  occur  in 
maintenance  and  inspection  tasks  and  which  might  have  contributed  to 
mishaps . 

Quite  a  bit  has  been  said  about  the  environmental  aspects  of 
maintenance,  i.e.,  the  excesses  of  temperature,  vibration,  noise, 
illumination,  precipitation  -  all  those  workplace  environmental  factors 
that  can  adversely  affect  human  performance  and  could  contribute  to 
errors  of  omission  and  commission.  These  undoubtedly  are  important 
factors  influencing  performance.  However,  I  submit  that  we  should  not 
focus  solely  on  these  environmental  factors  in  our  study.  One  of  our 
investigators  returned  from  the  Aloha  Airlines  accident  and  stated 
InfoL-mally  that  "the  problem  isn’t  so  much  a  coveralls  problem  as  it  is  a 
coat  and  tie  problem."  It  was  his  belief  that  the  mechanic  and  inspec 
tor,  who  at  times  work  under  adverse  conditions,  often  bring  a  high  level 
of  motivation  and  professionalism  to  the  job  which  helps  them  cope  with 
such  conditions  and  sustain  good  performance.  What  is  required  is  a  more 
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comprehensive  approach  to  providing  the  maintenance  team  with  the  full 
wherewithal  to  do  its  job.  All  of  the  key  elements  in  the  aviation 
industry  must  contribute  to  this  wherewithal,  including  the  manufacturer 
who  provides  initial  guidance  concerning  maintenance  procedures  and 
policies,  the  air  carrier  maintenance  department  which  establishes 
specific  procedures  and  tasks,  the  air  carrier  management  which  is 
respoi^sible  for  procurement  of  the  best  maintenance  facilities  and  test 
equipment,  and  carrier  production  personnel  who  must  work  closely  with 
maintenance  to  strike  a  balance  between  the  sometimes  conflicting  time 
demands  for  proper  maintenance  and  the  pressures  to  meet  flight 
schedules.  All  parties  must  work  together  to  support  the  maintenance  and 
inspection  team. 

Another  factor  affecting  the  quality  of  maintenance  and  inspection  is 
the  extent  to  which  information  about  operating  experience  is 
disseminated  through  the  industry.  The  physical  separation  of  an  engine 
from  the  airframe  of  a  DC-10  during  takeoff  from  Chicago  several  years 
ago  serves  as  an  example  here.  In  this  case,  the  manufacturer  had 
recommended  earlier  that,  when  removing  and  replacing  the  wing -mounted 
engine  for  maintenance  purposes,  the  engine  should  be  removed  first  in 
one  operation  and  the  pylon  removed  next  in  a  separate  operation.  This 
was  a  labor  intensive  activity.  The  operator,  when  considering  person¬ 
nel  time  and  costs  involved,  obviously  reviewed  the  procedure  to 
determine  the  best  and,  hopefully,  easiest  way  to  accomplish  this  engine 
change.  The  NTSB  accident  report  notes  that  raising  and  lowering  the 
engine  and  the  pylon  as  a  single  unit  reportedly  saved  200  man-hours  of 
maintenance  time  per  aircraft.  Also,  and  quite  important  from  a  safety 
standpoint,  it  reduced  the  number  of  disconnects  -  that  is,  the  hydraulic 
lines,  fuel  lines,  electrical  cables,  and  wiring  -  from  79  to  27.  In 
all,  there  were  strong  incentives  to  work  with  the  engine  and  pylon  as  a 
single  unit.  On  the  other  side,  however,  moving  these  two  components  as 
a  unit  was  quite  a  task.  The  engine  alone  weighed  about  13,000  pounds, 
the  pylon  weighed  another  1,800.  The  movement  of  that  weight  up  and  down 
with  a  forklift,  and  the  precision  with  which  it  had  to  be  done,  was 
difficult  at  best.  In  retrospect,  one  can  say  that  the  engineering  staff 
should  have  taken  a  more  detailed  look  at  the  advisability  of  such  a 
procedure  and  provided  an  assessment  as  to  the  potential  for  damage  in 
implementing  it.  However,  this  was  not  done. 

During  the  same  period  of  time,  another  airline  was  considering  this 
same  procedure  for  changing  the  engine  on  its  DC-10  aircraft.  This 
airline  also  decided  that  movement  of  the  engine  and  pylon  as  a  single 
unit  would  be  advantageous  because  it  would  save  considerable  labor 
costs.  Shortly  after  implementing  this  procedure,  however,  they  found, 
somewhat  fortuitously,  that  they  had  cracked  part  of  the  structure  at  the 
attach  point  between  the  pylon  and  the  wing.  Understandably,  they 
in\mediately  stopped  using  the  procedure  but  they  did  not  advise  other 
DC-10  operators  or  the  aircraft  manufacturer  of  their  experience. 

Whether  they  should  have  done  so  is  debatable.  They  did  not,  in  any 
event,  have  an  obligation  to  apprise  other  airlines  of  their  experience. 

The  changing  dynamics  of  the  airline  industry,  in  this  period  of 
deregulation,  seem  to  have  caused  a  decrease  in  industry  "networking." 

Old  timers  in  the  airline  industry  contend  that  in  earlier  days  there  was 
much  more  frequent  dialogue  among  operators;  in  other  words,  a  more 
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cooperative  grapevine.  It  would  be  interesting  to  speculate  about 
informal  means  that  might  have  been  implemented  to  spread  the  word  among 
DC-10  operators  and  head  off  the  catastrophic  accident  at  Chicago. 

Closely  allied  to  the  topic  of  industry  networking  is  that  of  FAA 
surveillance.  Should  the  FAA  have  known  of  the  DC-10  engine 
experiences?  If  aware  of  it,  should  they  have  been  responsible  for 
seeing  that  this  information  was  made  known  immediately  to  all  airlines? 
For  good  reason,  the  Federal  Aviation  Administration  is  one  step  removed 
from  direct  maintenance  tasks.  The  FAA,  understandably,  is  reluctant  to 
tell  maintenance  professionals  how  to  do  their  jobs.  Their  surveillance 
of  maintenance  and  inspection  practices  is  intended  to  determine  whether 
the  organization  has  a  structure  which  is  conducive  to  accomplishing  the 
required  maintenance;  whether  the  people  in  key  positions  are  qualified; 
and  whether  the  policies,  practices  and  systems  in  place  are  adequate  to 
provide  a  reasonable  assurance  that  the  intent  of  FAA  regulations  will  be 
maintained.  Whether  FAA  surveillance  should  be  expanded  is  a  topic  for 
consideration.  There  are  pros  and  cons. 

Finally,  there  is  the  matter  of  communication  between  airline 
management  and  the  labor  force.  During  the  nearly  two-year  period  before 
tie  L-1011  flight  from  Nassau  to  Miami  started  gliding  down  to  the 
Atlantic,  the  airline  had  twelve  occurrences  of  engine  oil  leaks  as  a 
result  of  improperly  installed  chip  detectors  or  0-ring  seals.  Of  these 
twelve,  eight  involved  inflight  engine  shutdowns  and  seven  necessitated 
unscheduled  landings.  Airline  senior  management,  maintenance  management, 
and  supervisors  were  aware  of  these  occurrences,  but  apparently 
interpreted  them  as  unrelated  mechanic  discrepancies  rather  than  a 
systemic  problem.  Although  minor  changes  were  made  in  some  work  cards 
and  procedures,  and  these  incidents  were  reported  upward  in  the 
management  structure,  there  appeared  to  be  no  flow  of  information  back  to 
the  general  foreman  level.  The  working  maintenance  team  remained 
uninfonned  regarding  the  magnitude  of  the  chip  detector  installation 
problem. 

In  summary,  I  submit  that  across  the  spectrum  from  the  manufacturer 
to  the  working  mechanic  and  inspector,  including  immediate  supervisors 
and  foremen,  the  engineering  staff,  top  management,  and  FAA  surveillance 
personnel ,  everyone  needs  to  take  a  hard  look  at  the  human  factor  in  the 
maintenance  function.  Maintenance  and  inspection  involves  many  very 
labor  intensive  tasks  which  are  necessarily  susceptible  to  human  error. 

If  we  look  at  the  frequency  of  human  performance  errors  -  pilot  errors  - 
in  commerical  and  in  general  aviation,  we  find  that  some  60  to  80  percent 
of  these  accidents  have  some  human  involvement.  It  is  only  reasonable  to 
suspect  that  comparable  proportions  of  human  error  exist  in  maintenance 
and  inspection  activities.  We  cannot  reduce  these  errors  simply  by 
focusing  singly  on  the  person  who  is  doing  the  work.  We  must  consider  in 
the  broadest  sense  the  total  environment  in  which  maintenance  is  done. 


A-ll 


Day-to-Day  Problems  in  Air  Carrier 
Maintenance  and  Inspection  Operations 

Robert  T.  Lutzinger 
Manager  of  Aircraft  Inspection 
United  Airlines 


In  the  typical  inspection  department  of  an  airline  the  game  plan,  if 
you  will,  is  accomplishing  the  Maintenance  Plan.  The  preparation  of  that 
Maintenance  Plan  begins  at  the  time  of  aircraft  construction  and  the 
Maintenance  Review  Board.  When  the  aircraft  becomes  operational,  the 
airline  has  the  responsibility  to  implement  a  Maintenance  Plan  of  greater 
detail  which  spells  out  how  they  will  systematically  maintain  that 
airplane  in  an  airworthy  fashion  through  regularly  scheduled  maintenance 
activities.  This  plan  provides  the  timeframes  within  which  we  must 
perform  certain  functions  of  that  aircraft  maintenance  program.  The  more 
comprehensive  that  program  is,  the  more  effective  our  Maintenance  Plan 
will  be  and  the  better  our  opportunities  to  avoid  incidents  and 
irregularities . 

At  United  Airlines,  our  typical  Maintenance  Plan  includes  the 
following  maintenance  opportunities: 

Number  1  Checks  -  Activities  requiring  compliance  for  through  flights 
with  turn  times  of  less  than  four  and  one-half  hours. 

Number  2  Checks  -  Activities  we  have  identified  as  necesssary  to  meet 
the  overall  maintenance  program  for  aircraft  that  lay  over  four  and 
one-half  hours  or  more. 

A  Check  -  This  occurs  for  the  737  aircraft,  for  example,  every  200 
hours.  This  is  somewhat  more  extensive  than  a  walk-around,  but  the 
aircraft  is  not  opened  up. 

B  Check  -  This  occurs  at  about  550  hours  and  includes  opening 
specific  accessible  areas  of  the  aircraft.  This  generally  is  an 
overnight  activity. 

C  Check  -  This  occurs  essentially  on  an  annual  basis  or  at  about 
3,000  hours.  Access  panels  are  opened  '<ud  we  go  into  the  airplane 
extensively. 

D  Check  -  This  occurs  about  every  four  years  or  at  16,000  to  18,000 
hours.  This  check  can  last  from  20  to  30  days.  All  access  areas  are 
opened  and  detailed  work  accomplished  on  the  aircraft  structure  and 
systems . 

At  United,  the  above  activities  are  controlled  and  initiated  with  what  we 
term  Routine  Paper  Packages,  each  task  related  to  a  specified  level  of 
maintenance.  In  all,  these  constitute  our  game  plan.  I  personally  think 
the  United  game  plan  is  a  good  one;  however,  the  charge  we  have  today  is 
to  discuss  problem  areas  involved  in  carrying  out  the  Main-  tenance  Plan 
and  the  risks  that  might  be  associated  with  this  plan.  I  will  discuss 
these  in  terms  characteristic  to  our  airline  operations. 
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Fleet  Size.  The  different  types  of  airplanes  used  by  an  airline  can 
affecf  the  maintenance  program  and  the  related  behavior  of  maintenance 
inspectors.  The  ages  of  the  airplanes  and  the  types  and  various  models 
of  engines  also  can  complicate  the  Maintenance  Plan.  The  more  complex 
the  fleet,  the  more  problems  one  may  have  with  maintaining  a  qualified 
and  experienced  staff  of  inspectors. 

In  dealing  with  a  complex  fleet,  it  is  particularly  important  that 
the  routine  maintenance  package  be  as  effective  as  possible  so  that  the 
inspection  function  does  not  become  a  work  generator  but  is  a  quality 
verifier.  With  the  age  of  our  aircraft  growing  daily,  it  is  imperative 
that  our  Maintenance  Plan  be  continually  adjusted  so  that  the  plan  is  the 
maintenance  driver  rather  than  a  compilation  of  non-routine  unscheduled 
maintenance  events.  As  fleet  size  and  complexity  grow,  the  more  likely 
it  becomes  that  the  non-routine  activities  affect  the  maintenance 
program.  When  such  an  imbalance  occurs,  it  follows  that  greater  risks 
become  part  of  the  inspection  process. 

Utilization .  As  the  airline  industry  has  grown,  seeking  ways  to 
maximize  the  utility  of  its  fleet  has  become  a  basic  part  of  corporate 
strategy.  Since  maintenance  causes  aircraft  to  be  on  the  ground, 
attention  always  must  be  given  to  minimizing  maintenance  down  time.  When 
United  Airlines  introduced  its  747  fleet,  for  example,  we  started  a  phase 
check  type  program.  Here,  rather  than  having  an  aircraft  be  out  of 
service  for  two,  three,  or  even  six  days  a  year,  the  required  maintenance 
elements  were  identified  and  phased  in  a  planned  visit  so  that  we  could 
accomplish  these  tasks  on  overnight  stops  when  the  airplane  was  not 
flying.  This  reduced  the  out-of-service  time  for  '•he  747  fleet  and 
literally  saved  us,  at  that  time,  one  equivalent  airplane. 

Today,  we  have  aircraft  that  have  reached  or  gone  beyond  their 
"economic  expected  life."  With  these  aircraft,  we  expect  that  structural 
inspections  will  find  more  discrepancies  and  that  these  aircraft  must  be 
dealt  with  using  a  somewhat  different  approach.  This  means  that 
maintenance  personnel  must  continually  identify  and  make  inputs  into  the 
Maintenance  Plan  strategy  so  that  the  plan  may  be  adjusted  to  address 
these  new  requirements.  If  a  phase  check  program  allowing  only  for  an 
eight  hour  turn  is  continually  found  to  require  16  hours  of  work,  we  will 
soon  have  a  major  problem  unless  the  Maintenance  Plan  is  adjusted  and  we 
respond  'with  changes.  An  ongoing  plan  review  is  most  important  for  a 
maintenance  program  to  be  successful  and  effective. 

Facilities  and  Work  Environment.  For  the  most  part,  the  major 
facilities  noy  used  by  the  larger  airlines  for  maintenance  and  inspection 
are  quite  good.  While  there  may  be  some  outdated  facilities  with 
significant  environmental  problems,  I  suspect  they  would  be  in  a 
minority . 

Every  effort  is  made  at  our  maintenance  facility  to  insure  a  proper 
and  safe  work  environment.  Company  representatives  meet  once  a  month 
with  the  Union  Safety  Committee  and  our  Safety  Department  personnel  to 
consider  issues  concerning  quality  of  the  job  and  quality  of  the  environ¬ 
ment.  An  action  list  is  reviewed  which  covers  topics  such  as  safety  of 
equipment,  heating  and  lighting  problems,  procedures  for  use  in 
emergencies,  job  clothing,  disposal  of  radioactive  material,  training  for 
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particular  jobs,  and  any  other  matter  considered  important.  As  a  result, 
our  work  environment  is  kept  in  as  good  condition  as  feasible, 
considering  the  work  which  must  be  done. 

Personally,  I  have  never  found  lighting  conditions  or  heat/cold 
problems  to  be  so  severe  at  our  location  that  quality  of  performance  is 
adversely  affected.  We  have  always  been  able  to  get  around  these 
problems  satisfactorily,  whether  through  the  use  of  local  lighting,  the 
use  of  warm  clothing,  or  implementing  some  other  solution.  In  addition, 
it  is  the  expectation  of  an  aircraft  mechanic  that  he  must,  as  part  of 
his  job,  deal  with  some  of  these  negative  environmental  elements.  Our 
employees  seem  to  adjust  well,  and  under  severe  conditions  they  work  to 
overcome  these  negative  factors. 

One  problem  with  facilities  for  dealing  with  large  jet  aircraft 
concerns  those  structures  necessary  to  effectively  perform  inspections  on 
inaccessible  parts  of  the  airplane.  At  United,  we  have  permanent 
structures  around  an  airplane  when  it  is  in  for  a  heavy  maintenance  check 
so  that  our  inspectors  have  opportunities  to  inspect  the  aircraft. 
However,  these  structures  are  quite  expensive.  The  cost  of  this 
equipment  may  represent  a  problem  for  some  operators. 

An  environmental  issue  which  is  becoming  an  industry  problem  is 
dealing  with  paint  stripping.  There  are  many  state  and  local  regulations 
today  concerning  the  use  of  these  chemicals  and  the  required  training  of 
people  who  use  them.  Because  of  this,  some  operators  attempt  to  find 
better  or  different  ways  to  accomplish  this  process. 

Training  and  Experience.  The  rapid  expansion  of  the  airline  industry 
over  the  past  ten  years  has  resulted  in  a  need  for  considerably  larger 
numbers  of  qualified  maintenance  and  inspection  personnel.  We  have  seen 
a  real  growth  in  our  staffing  requirements  and  found  that  the  resources 
are  simply  not  always  there.  In  ray  opinion,  it  takes  an  inspector  at  an 
airline  such  as  ours  two  years  to  become  effective;  six  years  to  become 
ef  f icient . 

When  an  air  carrier  has  a  complex  fleet,  one  having  a  variety  of 
aircraft  and  engines  requiring  maintenance,  the  time  required  for  an 
inspector  to  become  fully  competent  will  be  long  even  with  the  best  of 
tiaining.  To  further  complicate  the  issue,  many  of  the  skills  of  an 
inspector  will  be  of  the  "use  it  or  lose  it"  type.  When  dealing  with 
eddy  current  inspections,  magnetic  particle  inspections,  ultrasonic 
inspections,  or  radiography,  the  risk  of  performing  an  inspection 
improperly  grows  if  the  inspector  is  not  performing  that  task  with 
regularity  -  Use  it  or  lose  it! 

Skilled  maintenance  becomes  even  more  important  with  areas  of 
maintenance  such  as  the  Special  Inspection  Document  (SID)  Program  which 
we  will  face  niore  and  more  as  our  aircraft  grow  older.  When  an  airplane 
reaches  the  special  inspection  threshold  designated  by  cycles  and  hours, 
it  becomes  a  candidate  to  have  literally  hundreds  of  additional 
inspec  tions  performed.  The  inspector  assigned  this  task  must  apply  his 
kf.jwLedge  and  expertise  in  making  very  precise  technical  judgments 
concerning  the  discrepancies  he  is  looking  for.  This  is  a  difficult 
as;',  ignment  if  the  inspector  has  not  done  these  particular  inspections 
with  some  regularity.  Prior  to  that  special  inspection,  he  might  have 


beeii  on  a  747;  the  week  before  that  on  a  727  ;  and  the  week  before  that  on 
a  737.  Maintenance  of  the  necessary  skills,  some  unique  to  the  special 
inspection,  presents  a  problem  for  maintaining  skill  levels  and 
assignments . 

United  Airlines  recognizes  the  ongoing  training  requirement  anl  this 
year  will  commit  at  least  five  percent  of  its  inspection  depaitment  for 
training  on  a  regular  basis.  This  means  that  some  15  to  17  inspectors 
will  be  in  classroom  training  daily  increasing  their  skill  levels  by 
engaging  in  special  training  experiences. 

An  aircraft  inspector  needs  not  only  the  formal  classroom  training, 
involving  the  operation  of  detailed  parts  and  aircraft  components,  but 
also  must  acquire  unique  skills  related  to  aircraft  structures  and 
systems.  He  must  understand  exactly  that  signal  on  the  scope  which 
indicates  that  a  crack  has  been  found,  the  meaning  of  those  unusual 
noises  that  may  occur  on  gear  retraction,  and  che  apparent  stiffness  of 
that  aileron  movement  when  the  aircraft  control  wheel  is  turned.  He  must 
also  recognize  the  significance  of  those  blue  water  stains  on  the 
fuselage  when  he  sees  them.  He  must  know  that  this  may  represent  the 
possible  corrosion  and  delamination  of  certain  skin  laps,  even  though  the 
Maintenance  Plan  may  not  say,  "Inspect  fuselage  for  blue  water  stains." 
Only  experience  produces  these  sensitivities.  In  an  expanding  industry, 
the  time  required  to  obtain  these  experience  levels  is  not  available  and 
represents  a  problem  we  must  learn  to  deal  with. 

In  order  to  assist  in  having  desired  performance  levels  maintained 
for  our  inspectors.  United  uses  an  error  fe;  dback  process  which  we  call 
the  "C-3  Program."  When  a  supervisory  inspector  discovers  an  aircraft 
discrepancy  that  was  missed  during  an  earlier  inspection,  he  codes  the 
item  "C-3."  We  do  not  use  these  C-3  items  for  disciplinary  purposes  but 
instead  attempt  to  employ  them  in  a  positive  educational  program  for 
inspectors  in  which  we  point  out  the  kinds  of  discrepancies  being  missed 
during  aircraft  checks.  While  this  system  is  not  always  totally  viewed 
as  effective,  it  does  assist  in  reviewing  our  process  with  our  employees. 

Unions .  In  a  unionized  operation,  seniority  plays  a  paramount  role. 
By  contract,  most  organized  unions  require  assignments  by  seniority. 

This  means  that  the  older  and  more  experienced  employees  often  bid  for 
the  preferred  shift,  usually  "Days."  If  the  aircraft  is  down  at  night 
for  inspection  and  maintenance,  your  experience  at  night  is  affected.  In 
some  instances,  the  night  maintenance  opportunity  represents  the  most 
valuable  maintenance  time. 

As  they  relate  to  company  operations,  unions  see  themselves  as 
responsible  more  for  "quality  of  life"  issues  for  their  members  than  for 
issues  relating  to  quality  or  effectiveness  of  operation.  Their  concern 
centers  on  trying  to  insure  a  normal  life  for  workers,  i.e.,  proper 
vacations,  appropriate  economic  reward,  better  shift  work  for  senior 
workers,  and  similar  matters.  They  do  not  give  as  great  attention  to 
v/orkplace  issues  although,  as  I  noted  earlier,  the  Union  Safety  Committee 
does  meet  once  a  month  with  company  representatives  at  United  to  discuss 
a  variety  of  safety  matters,  some  of  which  deal  directly  with  the  work 
place  environment. 
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The  above  topics  represent  some  of  the  principal  features  of  the 
maintenance  and  inspection  process  at  United  Airlines  that  1  feel  impact 
personnel  perf omance .  We  recognize  that  we  are  in  a  growth  industry, 
that  we  operate  a  mixed  and  complex  fleet;  and  that  our  fleet  is  becoming 
older.  Accordingly,  we  have  increased  our  in-house  training  program  and 
are  beginning  to  employ  new  techniques  such  as  video  to  inform  and  train 
our  personnel.  We  are  continually  reviewing  our  Maintenance  Plans  to  be 
certain  that  new  problems  are  quickly  incorporated  into  our  routine  tasks 
and  inspections.  We  are  in  the  process  of  developing  specialized  job 
fields  as  we  begin  to  use  more  sophisticated  equipment  to  meet  new 
maintenance  challenges.  Finally,  we  are  expanding  our  networking 
capabilities  with  the  rest  of  our  industry,  in  part  through  our 
participation  in  industry-wide  activities  such  as  those  of  the  Air 
Transport  Association  to  enhance  our  skills  and  problem  solving.  The 
skills  we  are  developing  and  the  skills  other  airlines  are  developing 
should  be  shared.  We  all  have  a  stake  in  maintaining  the  highest  quality 
of  maintenance  possible. 


A-16 


Maintenance  and  Inspection  From  the 
Manufacturer's  Point  of  View 


Robert  L.  Oldani 

Manager,  Maintenance  and  Ground  Operations 
Boeing  Commercial  Airplanes 


The  process  of  establishing  and  conducting  a  proper  maintenance 
program  to  support  airline  operations  has  a  number  of  points  which  hold 
the  possibility  for  human  error.  To  illustrate  this,  I  would  like  to 
review  briefly  the  steps  involved  in  developing  an  airline  maintenance 
program.  Then  I  will  describe  some  innovations  made  by  Boeing  which  we 
feel  reduce  both  the  cost  of  maintenance  and  the  potential  for  error. 

The  maintenance  process  starts  with  the  Maintenance  Review  Board 
(MRB) .  Figure  1  shows  that  the  Maintenance  Review  Board  is  ''omposed  of 
representatives  of  the  manufacturer,  the  Federal  Aviation  Administration, 
and  the  airline  that  has  just  purchased  the  airplane.  These  represen¬ 
tatives  work  together  to  develop  a  minimum  maintenance  program  for  that 
particular  airplane.  The  MRB  work  lasts  for  a  considerable  period  of 
time,  in  the  order  of  eight  to  fourteen  months,  and  draws  on  the 
expertise  of  a  number  of  small  working  groups.  These  working  groups 
consist  of  individuals  with  specific  expertise  in  aircraft  maintenance. 
They  review  the  systems,  the  structures,  the  various  other  aspects  of  the 
airplane  and,  based  on  their  experience,  determine  what  should  be 
inspected,  when  it  should  be  inspected,  and  how  it  should  be  inspected. 
The  end  result  of  this  procedure  is  the  issuance  of  a  Maintenance  Review 
Board  Report. 

Three  end  products  are  produced  by  the  manufacturer  during  the  MRB, 
as  shown  in  Figure  1.  These  are  the  maintenance  manual  for  the  airplane, 
which  describes  the  accomplishment  of  maintenance  tasks;  the  Maintenance 
Planning  Document  (MPD) ,  which  tells  when  and  where  to  accomplish  the 
task;  and  the  task  cards,  which  combine  the  information  of  the  MPD  and 
the  maintenance  manual. 

The  airline  operator  works  from  the  Maintenance  Planning  Data 
document  and  the  maintenance  manual  to  develop  their  Maintenance 
Operations  Specifications.  This  becomes  their  official  maintenance 
program  when  approved  by  the  FAA.  In  addition,  the  airline  also  develops 
its  own  task  cards. 

The  common  area  of  task  card  development  by  the  manufacturer  and  by 
the  airline  was  considered  at  Boeing  to  be  part  of  the  MRB  in  which  human 
error  could  be  involved.  Therefore,  we  developed  what  we  call  an 
Automated  Customized  Task  Card. 

Under  the  old  task  card  system,  used  until  the  introduction  of  the 
757/767  aircraft,  the  task  cards  told  a  maintenance  man  what  to  do  and 
when  to  do  it.  Then  he  had  to  go  to  the  maintenance  manual  to  find  how 
to  do  it.  Figure  2  illustrates  the  operation  of  the  old  task  card 
system.  Information  from  the  task  cards  and  the  maintenance  manual  is 
fed  to  an  airline  task  card  writer  who  prepares  task  cards  for  the 
particular  airplane.  These  customized  task  cards  then  go  to  the  mechanic 
to  direct  his  labors.  However,  mechanics  require  more  information 
concerning  the  exact  way  in  which  to  perform  a  task.  Therefore,  informa¬ 
tion  from  the  maintenance  manual  is  put  into  cassettes  which  then  can  be 
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Figure  1.  Airline  scheduled  maintenance  program. 
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Figure  2.  Old  method  using  non-customized  task  cards. 


used  with  a  microfilm  or  microfiche  reader/printer.  Mechanics  then  stand 
at  the  printer  and  wait  to  get  their  instructions  as  to  how  to  do  the 
job.  Hopefully,  they  get  the  right  printout  to  match  the  task  card. 

This  is  a  part  of  the  process  in  which  errors  can  be  made. 

To  expedite  the  maintenance  process  and  to  reduce  the  possibility  of 
error,  Boeing  improved  on  the  old  system  with  the  development  of  the 
"Automated  Customized  Task  Card"  method,  illustrated  in  Figure  3.  This 
method  eliminates  the  task  card  writer  and  the  microfilm  reader/printer 
from  the  process  entirely.  Material  from  the  maintenance  manual  is 
c(3mputerized  and  then  accessed  through  use  of  what  we  call  "hooks"  to 
obtain  specific  items. 

Under  the  new  system,  the  maintenance  manual  is  revised  on  a  60-  to 
90-day  basis.  The  Customized  Task  Cards  thus  are  revised  on  the  same 
basis,  which  means  that  the  mechanic  always  is  dealing  with  up-to-date 
data.  In  addition,  the  new  task  cards  can  provide  all  of  the  needed 
illustrations. 

Figure  A  presents  a  sample  of  an  Automated  Customized  Task  Card. 

This  task  card  covers  cleaning  of  a  cooling  pack/heat  exchanger  on  a  767 
aircraft.  Figure  5  shows  the  illustrations  accompanying  this  particular 
task  card.  With  these  new  task  cards,  the  mechanic  now  has  everything  he 
needs  to  properly  conduct  that  particular  task.  He  has  the  equipment, 
the  material,  the  procedure,  and  all  of  the  illustrations,  all  reflecting 
the  latest  changes.  From  a  human  factors  point  of  view,  we  feel  this  is 
a  considerably  better  maintenance  support  program. 

There  are  a  number  of  benefits  with  use  of  the  new  customized  task 
card  system.  It  reduces  the  number  of  airline  man-hours  expended  in 
writing  and  revising  job  cards;  it  eliminates  a  mechanic's  need  to  refer 
to  microfilm;  it  eliminates  lines  of  mechanics  waiting  at  the  microfilm 
reader;  and  it  eliminates  errors  due  to  manually  transferring  and 
retyping  the  manufacturer's  data.  A  final  benefit  is  that  each  airline 
receives  the  latest  information  from  the  maintenance  manual.  This 
eliminates  guesswork  in  identifying  applicable  maintenance  manual 
procedures,  which  can  be  a  significant  problem.  Maintenance  manuals  can 
be  complicated,  with  their  particular  accession  and  numbering  systems. 
With  the  automated  system,  airlines  can  easily  identify  revisions  in  the 
maintenance  manual  affecting  their  scheduled  maintenance. 

One  airline  operator  who  accepted  our  system  and  evaluated  it  over  a 
one  year  period  estimated  that  they  saved  over  $1  million.  This  was 
based  on  eliminating  the  task  writing,  eliminating  the  problem  of 
mechanics  waiting  to  look  at  microfilm,  and  generally  expediting  the 
labors.  Several  other  airlines  do  not  actually  use  our  task  cards  to 
direct  maintenance  but,  rather,  use  them  to  determine  when  we  have 
revised  tV.e,  maintenance  manual.  Rather  than  going  through  the  total 
revision,  they  just  go  to  the  task  cards  to  look  for  a  revised  card. 

They  then  know  the  maintenance  manual  has  been  changed  for  that  process. 
Finally,  wc  provide  this  information  on  magnetic  tapes  to  some  airlines 
who  prefer  to  develop  their  own  computerized  task  card  systems. 
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Figure  3.  New  method  using  Automated  Customized  Task  Cards. 
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CLEAN  PRIMARY  S  SECONDARY  COOLING  PACK  HEAT  EXCHANGERS  21-51-0 

(IF  HEAT  EXCHANGERS  ARE  NOT  CHECKED  FOR  EFFICIENCY). 

1 .  Referenced  Procedures 

A.  06-41-00/201,  Fuselage  Access  Doors  and  Panels 

2.  Eouicaent 

A.  Spray  Nozzle,  9702A-10-TM-TC-95Q2,  Spray  Systems  Co. 

Wheaton,  IL 

B.  Air  coepressor  (80  to  100  psi)  coowercially 
aval lable 

C.  Spray  gun  (coapatible  with  air  coapressor  or  steaa 
cleaner)  coamercially  available 

0.  Steao  Cleaner  (80  to  100  psi)  commercially  available 

3.  Materials 

A.  Solvent,  P-0-680,  Dry  Cleaning  (Ref  20-30-02) 

4.  Clean  Heat  Exchangers  (Fig.  701) 

A.  Place  pack  control  selector  on  Pilot's  Overhead  P5  Panel  in  OFF.  Place 
OO-NOJ-OPERATE  identifier  on  selector. 

B.  Open  appropriate  ECS  access  door  193NL  or  194LR  and  locate  heat 
exchangers  (Ref  06-41 -(W). 

C.  Remove  access  doors  in  plenum,  ram  air  inlet  duct,  and  between  the  heat 
exchangers. 

D.  Clean  the  primary  and  secondary  heat  exchangers. 


EFFECTIVITY 

ALL 
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Figure  4.  Sample  Automated  Customized  Task  Card. 


UAL  task  card 


Figure  5.  Illustrations  accompanying  Automated  Customized  Task  Card. 
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Another  area  of  concern  to  the  airlines  is  Service  Bulletins.  These 
are  documents  prepared  by  engineers  working  at  desks  in  the  manufac¬ 
turer’s  facility.  They  can  be  rather  complex,  and  may  use  language 
meaningful  only  at  the  engineering  level.  In  order  to  make  Service 
Bulletins  more  readable,  Boeing  is  attempting  to  improve  their  content  by 
using  what  we  call  "simplified  English."  This  is  English  which  we  feel 
can  be  readily  understood  by  the  average  mechanic.  Again,  the  purpose  is 
to  reduce  errors  of  interpretation. 

A  final  recommendation  of  mine  is  that  we  continue  to  use  whatever 
means  we  have  -  such  as  this  meeting  -  to  review  our  maintenance  problems 
and  to  spread  word  throughout  the  industry  concerning  new  or  improved 
ways  of  doing  things.  If  we  have  a  safety  situation  and  have  options  to 
resolve  the  problem,  everyone  should  know  about  it.  We  are  talking  about 
the  total  airline  fleet. 
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Human  Performance  in  Aircraft  Maintenance: 
The  Role  of  Aircraft  Design 


Anthony  E.  Majoros,  Ph.D. 

Engineer  Scientist 
Douglas  Aircraft  Company 


This  presentation  describes  work  being  done  by  the  Douglas  Aircraft 
Company  concerning  human  factors  in  maintainability  and  design  for  ease 
of  maintenance.  Specific  topics  are  (1)  human  factors  aspects  of 
supplemental  inspections,  (2)  maintainer  workload,  and  (3)  maintainer 
reliability. 

Supplemental  Inspections 

A  fundamental  truth  in  design  is  that  provision  for  supplemental 
inspections  is  seldom  built  in  as  part  of  the  initial  aircraft  design. 
With  an  aging  aircraft  fleet,  however,  supplemental  inspections  have 
become  and  will  continue  to  be  a  way  of  life.  For  the  inspector  dealing 
with  an  aircraft  with  no  design  provision  for  supplemental  inspection, 
definition  of  the  inspection  concept  may  be  unnecessarily  complex  and 
access  to  inspection  areas  may  be  difficult. 

We  believe  that  it  is  possible  to  aid  the  inspector  by  defining 
inspection  concepts.  One  way  to  do  this  is  through  use  of  a 
computer-generated  anthropomorphic  model.  Figure  1  shows  the  manner  in 
which  we  used  such  a  model  to  demonstrate  two  possibilities  for 
inspecting  the  inner  frames  of  a  DC-3  vertical  stabilizer.  The  model  is 
based  on  anthropometric  dimensions  taken  from  Military  Standard  1472  and 
the  Navy  Crew  Assessment  of  Reach  (CAR-4)  algorithms. 


Not  Recommended  Recommended 


Figure  1.  Computer  simulated  DC-3  vertical  stablizer  inspection. 


We  would  not  recommend  that  the  inspector  lie  with  his  back  on  the 
horizontal  stabilizer  as  shown  on  the  left  in  Figure  1.  We  would 
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reconunend  instead  that  the  inspector  lie  with  his  stomach  on  the 
hori/.ontal  stabilizer  and  see  the  overhead  view  with  a  mirror.  We 
compared  our  simulation  of  this  task  with  actual  attempts  to  perform  the 
inspection  on  a  DC-3.  By  personal  experience,  I  can  tell  you  there  is 
good  reason  not  to  recomniend  the  procedure  shown  on  the  left.  It  is 
difficult  to  get  into  and  out  of  the  position,  it  is  painful,  and  very 
little  can  be  seen.  Inferences  about  the  difficulties  of  this  inspection 
made  possible  with  computer  simulation  compared  very  well  with  the  actual 
experience . 

In  one  design  evaluation,  we  considered  a  maintainer  attempting 
removal  of  a  flight  control  module  from  the  upper  aspect  of  a  vertical 
stabilizer.  The  analysis  showed  that  the  pull  of  gravity  on  that 
component,  weighing  about  44  pounds,  presented  sufficient  risk  that  the 
maintainer  would  incorrectly  remove  the  package  and  so  damage  the 
delicate  ribs  within  the  vertical  stabilizer,  that  a  recommendation  was 
made  to  mount  the  flight  control  module  on  the  outside  of  the  rear  spar 
of  the  vertical  stabilizer  and  not  on  the  inside.  This  illustrates 
consideration  of  several  variables  during  static  simulation  of 
maintainers.  One  is  weight-lifting  and  carrying  limitations,  another  is 
maintainer  comfort  (or  pain),  another  concerns  postural  difficulties,  and 
a  final  one  is  time  required  to  hold  posture  and  to  generate  force  in 
certain  postures.  All  of  this  information  bears  on  the  ability  of  the 
maintainer  to  perform  the  operation  efficiently  and  accurately. 

There  is  an  emerging  belief  within  the  Douglas  Aircraft  Company  that 
computer-assisted  design  (CAD)  environments  represent  the  way  all  design 
will  be  done  in  the  future.  There  will  be  less  paper  and  more  electronic 
models.  Within  this  environment,  sophisticated  anthropometric  models  can 
be  used  to  predict  the  performance  of  people  in  any  position  within 
aircraft  structures.  Ultimately,  these  anthropomorphic  models  will  show 
real-time  motion  characteristics  and  will  have  vision  and  strength 
capabilities  as  well. 

Maintainer  Workload 


In  aircraft  flight  operations,  excessive  levels  of  workload  are 
considered  to  be  associated  with  increased  error  likelihood.  We  make  the 
same  assumption  with  maintainer  workload.  We  believe  that  as  workload 
increases  beyond  certain  acceptable  levels,  the  chances  of  error  being 
made  by  the  maintainer  are  increased. 

We  have  performed  some  preliminary  work  in  an  attempt  to  locate 
aircraft  systems  during  design  that  we  believe  are  likely  sources  of 
unacceptable  levels  of  maintenance  error.  In  Figure  2,  ten  selected 
aircraft  systems  are  plotted  for  maintainability,  reliability,  and  ratio 
of  difficult  to  easy  tasks  within  the  system.  Maintainability, 
specifically  mean  man-hours  to  repair  (MTTR)  is  plotted  on  the  left-right 
axis;  reliability,  specifically  mean  time  between  corrective  maintenance 
actions  (MTBM(C))  is  plotted  on  the  front-back  axis;  and  the  ratio  of 
difficult  to  easy  tasks,  specifically  the  skew  of  the  distribution  of 
task  times  within  a  system,  is  plotted  or.  the  up-down  axis. 

Task  times  for  aircraft  systems  are  generally  positively  skewed,  and 
the  greater  the  ratio  of  time-consuming  (difficult,  with  many  steps)  to 
(easy,  with  few  .steps)  tasks  in  the  system,  the  greater  the  degree 
of  skew.  We  riade  the  assumption  that  systems  whose  task  times  are  more 
skewed  offer  relatively  ir^ore  opp  :  tunities  for  maintenance  error.  In  the 
figure,  systems  with  longer  stem's  are  more  positively  skewed.  With  a 
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graph  of  three  variables,  we  can  determine  an  aircraft  system's  avail¬ 
ability  by  plotting  the  location  of  the  bottom  of  its  stem  on  the  "floor" 
of  the  graph  in  terms  of  reliability  and  maintainability,  and  we  can 
check  the  system’s  potential  for  error  by  noting  the  length  of  the  stem. 

In  Figure  2,  flight  control  (System  14)  and  independent  position 
determining  (System  72)  contribute  nearly  identical  burdens  to  aircraft 
availability,  yet  the  position  determining  system  offers  relatively  more 
opportunities  for  error.  We  would  conclude  that  position  determining  - 
in  the  design  configuration  under  study  is  a  better  candidate  fwi  t 
tdci. ors  attention  to  maintenance  error  reduction  than  flight  control 


Note  that  error  rates  are  not  used  in  the  analysis  in  Figure  2.  the 
three  axis  graph  is  used  to  locate  aircraft  systems  that  have  a  high 
proportion  of  time  consuming  tasks  on  the  assumption  that  those  systems 
contain  more  chances  for  error. 

In  our  review  of  workload  parameters  relative  to  aircraft  main¬ 
tenance,  we  identified  three  aspects  worthy  of  in-depth  consideration. 
These  are  (1)  infrequency  or  novelty  of  a  task  or  defect,  (2)  the 
cognitive  complexity  of  the  task  or  the  mental  demands  the  task  imposes, 
and  (3)  the  physical  and  physiological  demands  of  the  task.  Each  of 
these  is  reviewed  next: 

1.  Infrequency  or  Novelty  of  Task/Defect.  One  of  the  rules  of 
inspection  and  quality  assurance  is  that  rare  defects  are  difficult  to 
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detect.  As  you  increase  the  percentage  of  defects  present  in  a  sample, 
the  Likelinood  of  catching  a  given  defect  increases. 

One  way  to  aid  an  inspector  in  dealing  with  rare  events  is  with 
procedural  checklists  that  guide  the  user.  To  study  the  potential  of 
checklists  go  guide  the  search  for  uncommon  errors,  we  created  three 
types  of  checklists  for  use  in  an  experiment.  The  experiment  required 
subjects  to  search  for  characteristics  of  a  design  that  could  be 
considered  "errors”  from  the  standpoint  of  maintainability,  but  the  same 
logic  could  apply  to  an  inspector  checking  a  system  for  integrity.  One 
checklist  contained  irrelevant  items,  a  second  contained  conventional 
USAF  maint.a inabi I ity  checklist  items  that  were  not  specific  to  any 
pa-llcular  aircraft  system,  and  a  third  contained  items  written  at 
Doijglas  Aircraft  that  were  specialized  for  the  system  under  examination 
by  f •  objects.  As  shown  in  Figure  3,  we  found  that  more  errors  v^’re 
detf  with  the  specialized  checkivst. 


IRRELEVANT  CONVENTIONAL  HIGHLY 

CHECKLIST  CHECKLIST  SPECIALIZED 

CHECKLIST 


Figure  3.  Comparison  of  conventional  vs.  improved  checklists. 

z  Cognitive  Complexity  of  Task.  Aircraft  obviously  are  complicated 
yite.s  Nicholas  Bond,  in  a  recent  chapter  in  the  Handbook  of  Human 
!•'>'■  ir  1  ,  makes  the  observation  that,  in  his  opinion,  no  single  person 
iii'u  t  inds  everything  about  certain  aircraft  systems.  He  uses  the  F-18 
f 1 ig'i  ontrol  system  as  an  example,  and  states  that  no  one  is  alive  who 
understands  it  all.  Many  systems  within  civil  transport  aircraft  are 
similar.  They  are  highly  complicated  and  few  individuals  understand  them 
comp lete ly . 

One  problem  with  increasingly  complicated  systems  is  that  the 
representation,  or  the  mental  model  of  what  a  person  should  look  for. 
becomes  difficult  for  a  maintainer  to  hold  for  a  long  time.  Methods  that 
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enhance  the  rept'ei:entation  fur  thrt  person  ca.i  do  nothing  but  help.  A 
few  years  ago,  in  an  attempt  to  improve  this  situation  an  "Advanced 
Maintenance  Information  Packet"  was  developed  In  this,  maintenance 
tasks  are  numbered  in  a  step-by-step  sequence,  with  accompanying  graphic 
presentations.  Even  the  position  of  the  hand  relative  to  where  the 
maintainer  would  be  standing  or  sitting  is  shown.  Cautions  and  warnings 
are  put  before  the  action;  tools  and  special  equipment  are  identified 
before  the  action  begins. 

The  advanced  maintenance  information  concept  was  tested  with  novice 
mechanics  and  for  what  were  termed  major  errors.  This  would  be  an 
incorrect  removal,  an  incorrect  installation,  isolating  to  the  wrong 
part,  and  actually  removing  and  replacing  the  wrong  part.  In  this  test, 
use  of  the  advanced  maintenance  information  system  produced  a  55  percent 
reduction  in  errors.  For  minor  errors,  such  as  incorrect  torque  on 
bolts,  there  was  a  79  percent  reduction  in  error. 

One  concern  about  the  advanced  maintenance  information  concept  was 
tViat  the  many  different  and  necessary  illustrations  made  it  prohibitively 
expensive.  This  is  not  the  case  today.  Computer  generated  graphics, 
much  less  expensive  to  produce,  can  be  used  to  illustrate  maintenance 
actions . 

Another  aid  in  overcoming  the  cognitive  complexity  faced  by 
maintainers  is  through  use  of  expert  systems  during  the  design  stage. 
Designs  can  be  more  or  less  maintainable  for  a  number  of  reasons.  If 
these  reasons  are  incorporated  into  an  expert  system,  the  designer  will 
be  able  to  rapidly  evaluate  a  new  design  for  its  maintenance 
characteristics.  The  designer  should  be  able  to  ask  the  expert  system 
questions  such  as;  "Given  this  task,  a  change  of  a  filter  requiring  two 
seals  in  this  location  of  the  aircraft,  how  long  will  it  take  to  make  the 
change  if  the  filter  is  in  this  location?"  This  is  basic  maintainability 
information  and  it  can  be  very  valuable  during  the  design  stage. 

3.  Physical  and  Physiological  Demands.  Another  aspect  of  workload 
concerns  physical  and  physiological  demands  placed  on  the  maintainer. 
Table  1  presents  results  of  a  small  survey  done  with  operators  of  Douglas 
products.  As  can  be  seen,  weight  and  access  complaints  are  most  frequent 
among  civil  aircraft  maintainers.  Visual  lighting  problems  were  next, 
followed  by  difficulties  with  connectors,  seals  and  component 
installation. 


TABLE  1 

MAINTENANCE  PROBLEM  AREAS  NOTED  IN 
SMALL  SURVEY  OF  OPERATORS  OF  DOUGLAS  AIRCRAFT 


Access  and  weight 

28% 

Visual,  lighting 

18% 

Connectors 

16% 

Seals 

7% 

Installation 

7% 

Others 

24% 

The  Douglas  survey  was  .small  and  informal.  More  data  than  we 
obtained  are  requited.  Many  questions  concerning  difficulty  of 
maintenanrc  were  not  asked  in  this  survey.  Such  information  is  needed 
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for  derig’ioro  to  understand  how  to  develop  a  product  that  maintainers  can 
work  on  most  efficiently. 

Di'signcrs  should  be  able  to  reduce  physical  and  physiological  demands 
by  atLet\tion  to  placemen*^  of  components  when  the  sturcture  permits  some 
variation  of  placement.  Figure  4  presents  one  approach  to  solve 
installation  questions  during  design.  The  figure  is  a  working  envelope 
for  removal  of  a  slat  lock  valve.  Spatial  coordinates  for  this  envelope 
were  obtained  by  videotaping  the  removal  of  the  valve  from  a  wing 

■  ku’.  '  1  If  w-  1  •  I  .t'  ..c.t  :  1.,  r’fio  •.-iiic  .)!  the  valvfj  location  in 


Working  envelope  for  slat  lock  valve  removal  • 
fire  ex  tubing  does  not  obstruct  removal. 


Figure  4.  Workload  for  slat  lock  valve  removal  compared  with  and  without  fire  ex  tubing 
in  place. 

The  working  envelope  shows  the  maximum  excursions  of  hands,  tools, 
fasteners,  and  the  valve  itself  during  removal.  Two  trials  were 
videotaped;  removal  without  any  obstructions  -  which  required  12  1/2 
minutes  and  removal  when  fire  extinguisher  tubing  obstructed  access  - 
which  required  16  minutes.  We  can  conclude  that  if  the  tubing  were 
routed  to  avoid  obstruction,  valve  removal  would  require  about  25  percent 
less  time.  This  study  is  a  first  step  toward  defining  required  working 
envelopes  for  components  during  design.  If  equipment  is  arranged  in  the 
aircraft  with  adequate  working  envelopes,  maintenance  workload  can  be 
reduced . 
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We  developed  workload  measures  on  the  above  task  using  the  NASA  Task 
Load  Index  to  measure  operational  workload.  This  system  rates  mental 
demands  (HD),  physical  demands  (PD),  temporal  demand  (TD) ,  performance 
(P),  effort  (E),  and  frustration  (F).  Here  we  see  that  effort  and 
frustration  are  increased  by  having  a  design  that  includes  the  fire  ex 
tube  below  the  slot  valve.  This  offers  us  a  chance  to  understand  some 
sources  of  error  that  could  lead  to  damage  during  the  performance  of  the 
task . 

Maintainer  Reliability 

There  is  growing  interest  in  maintenance  reliability.  Reliability 
concerns  errors,  departures  from  procedures,  time  to  complete  tasks,  and 
damage  or  induced  maintenance.  The  goal  at  the  design  stage  is  to  aid 
the  mechanic  by  designing  to  reduce  error  likelihood. 

Many  aspects  of  maintenance  affect  error  potential.  Figure  5  is  an 
example  of  labeling  that  led  to  error.  Labels  and  placards  are  part  of 
the  world  that  guides  inspectors  and  maintainers  to  do  their  job.  In 
this  case,  one  can  connect  P26  to  either  J5  or  J6  of  the  adapter.  This 
test  is  for  an  aerial  refueling  boom  and  in  one  case  (J5)  you  test  the 
elevator  actuator.  In  the  other  (J6),  you  test  the  aileron  actuator  on 
the  flying  boom.  However,  mechanics  interpreted  the  labeling  to  mean 
rake  your  choice,"  but  that  is  not  what  it  meant.  Thi.s  led  to  many  test 
eifors.  The  role  of  humn  factors  here  is  to  identify  tlioyo  design 
vac  tables  that  lead  to  error  and  develop  or<j<  edores  to  cord.rol  ..him. 


Small  Labeling  Variable 

P28  TO  ACTUATOR  Led  to  Many  Test  Errors 


Figure  5.  Test  set  lead  and  labels  leading  to  maintenance  error. 

From  a  manufacturer's  standpoint,  a  number  of  approaches  appn.at' 
worthwhile  in  a  program  to  reduce  maintenance  and  inspection  error. 
Briefly,  these  include: 

1.  Manufacturers  need  to  team  with  aircraft  operators  in  the 
collection  of  necessary  data.  What  errors  are  being  made;  what  are  the 
most  frequent  types;  and,  perhaps  with  workload  measures,  what  are  the 
components  of  error? 

2.  Inspection  concepts  must  be  defined  to  facilitate  inspection  as 
much  as  possible  and  ensure  best  performance. 
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3.  Checklists  must  be  improved. 

4 .  Maintenance  aids  should  be  developed  with  knowledge 
representation  both  in  paper  form  and  in  expert  system  form. 

5.  Aircraft  systems  should  be  designed  for  ease  of  access. 

6.  Modelling  should  be  employed  to  aid  in  the  development  of 
maintenance  procedures.  Anthropomorphic  models  are  becoming  so 
sophisticated  that  maintenance  procedures  could  be  modeled  before  an 
aircraft  is  built. 

7.  A  research  center,  or  at  least  a  coordinated  research  effort,  is 
needed  where  problems  can  be  studied  indepth  and  where  concepts  can  be 
tested  to  assess  design  configurations  and  their  contribution  to  error. 
There  is  no  place  where  regulatory  agencies,  operators,  and  manufactur¬ 
ers  can  team  together  to  examine  concepts  and  to  examine  the  role  of 
environmental  variables  that  are  often  assumed  to  play  a  part  in 
maintenance  effectiveness. 

Finally,  I  would  offer  one  comment  on  use  of  models.  Models  hold  the 
illusion  of  solution,  but  they  are  not  the  solution.  They  aid  in 
interpretation  and/or  application  of  human  engineering  judgment.  They  do 
not  replace  human  engineering  judgment. 
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Maintenance  and  Inspection  Issues 
in  Air  Carrier  Operations 


Robert  Doll 

Vice  President  of  Technical  Services 
United  Airlines 


An  important  avenue  for  the  coordination  of  maintenance  improvement 
and  the  exchange  of  related  information  within  the  airline  industry  is 
through  the  Engineering  and  Maintenance  Council  (EMC)  of  the  Air 
Transport  Association.  I  am  the  representative  of  United  Airlines  to  the 
EMC.  My  remarks  today  represent  the  activities  of  the  EMC  and  the 
industry  in  general  rather  than  a  specific  United  Airlines  position. 

The  ATA  Engineering  and  Maintenance  Council  recently  formed  with  the 
FAA  and  other  industry  representatives,  a  steering  committee  to  consider 
a  number  of  issues  raised  during  the  FAA  conference  on  Aging  Aircraft 
held  on  June  1-3,  1988  in  Crystal  City,  Virginia.  The  first  item  on  the 
agenda  of  the  steering  committee  is  to  examine  the  technical  problems 
that  underly  the  industry's  and  the  public's  concern  about  the 
manufacture  of  aging  aircraft.  The  technical  issues  are  structural 
integrity  and  corrosion.  At  this  time,  there  is  no  industrial  standard 
for  corrosion  control.  Fleet  specific  task  groups  have  been  formed  to 
consider  the  integration  of  corrosion  control  programs  with  the  existing 
structural  inspection  program  for  individual  fleet  types. 

The  second  major  item  on  the  steering  committee's  agenda  is  human 
factors,  which,  of  course,  is  the  topic  of  this  meeting.  We  anticipate 
working  closely  with  the  FAA  human  factors  program  to  ensure  that  our 
activities  are  mutually  supportive. 

Within  the  scope  of  human  factors,  the  issues  we  have  selected  as 
important  closely  parallel  those  mentioned  earlier  today.  The  first 
issue  is  the  work  environment,  and  here  we  are  concerned  both  with  the 
work  environment  as  designed  at  the  time  of  manufacture  and  the  work 
environment  provided  by  the  operator.  The  second  issue  is  of  design  and 
system  maintainability.  This  is  a  problem  with  long  range  solutions  but 
one  which,  as  we  have  heard,  manufacturers  such  as  Douglas  Aircraft  are 
now  addressing  vigorously.  The  third  issue  concerns  the  preparation  and 
training  of  an  individual  to  work  in  a  maintenance  facility,  whether  he 
works  as  an  inspector  or  as  a  mechanic.  Here  we  must  recognize  that  we 
are  not  talking  about  clear-cut  job  entities.  A  lot  of  the  inspection 
chores  are  actually  carried  out  by  A&P  mechanics. 

Next  we  come  to  the  matter  of  qualifications,  and  here  we  are  talking 
about  the  basic  A&P  license.  There  are  questions  as  to  whether  we  should 
go  to  more  certification  and  licensing  at  higher  levels.  While  there 
might  be  advantages,  one  very  practical  problem  with  increased  licensing 
is  that  it  generally  leads  to  a  more  complex  pay  structure  which,  in 
turn,  places  a  heavier  administrative  burden  on  the  airlines. 

A  final  issue  within  our  human  factors  agenda  concerns  job 
instruction.  How  do  we  instruct  an  inspector  or  mechanic  to  do  a 
specific  job?  What  kind  of  language  do  we  use?  This  issue,  of  course. 
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goes  well  beyond  our  internal  coinrounications  within  an  airline.  It 
includes  the  manner  in  which  a  Service  Bulletin  prepared  by  the 
manufacturer,  or  an  A.D.  prepared  by  the  FAA  is  written.  The  A.D.,  for 
example,  is  prepared  by  an  engineer,  reviewed  by  an  attorney,  sprinkled 
with  "Washingtonese , "  and  then  delivered  to  the  airline  operator.  We 
have  a  reasonable  chance  to  interpret  it  properly  in  San  Francisco,  but 
consider  the  plight  of  the  maintenance  supervisor  in  Hamburg  or  Paris, 
translating  to  his  language. 

TV\e  third  aiea  of  inquiry  for  the  steering  committee  is  new 
technology.  One  part  of  this  with  human  factors  implications  is  the  use 
of  expert  systems.  One  means  of  circumventing  to  some  extent  the 
requirement  for  experience  and  training  is  to  have  an  expert  system,  a 
computerized  means  of  providing  the  needed  expertise  rather  than 
depending  on  an  experienced  mechanic.  Expert  systems,  if  incorporated 
properly,  can  play  a  very  useful  role. 

New  technology  also  encompasses  aircraft  systems.  Use  of  composite 
materials  presents  a  new  set  of  demands  for  inspection.  Such  materials 
are  not  compatible  with  some  of  the  existing  inspection  procedures,  one 
example  being  the  use  of  eddy  currents  to  explore  possible  cracks  within 
composited  structures.  We  have  to  understand  these  new  materials  from 
the  point  of  view  of  maintainability,  repairability ,  and  associated  human 
factors  problems. 

Then  there  are  the  ground- related  new  technologies  with  potential  to 
support  maintenance  and  inspection.  Here  we  refer  to  computer-based 
diagnostic  equipment,  expert  systems,  new  NDT  techniques,  and  other 
technologies.  Perhaps  one  day  we  may  develop  a  CAT-scan  procedure  for 
use  with  aircraft.  Certainly,  we  must  be  alert  to  advances  in  medical 
diagnostic  systems  which  might  have  possible  applicability  to  aircraft 
inspection.  Such  new  systems,  of  course,  will  present  new  challenges  to 
our  training  establishment. 

The  last  agenda  item  for  the  steering  committee,  and  perhaps  the  most 
important  item,  is  that  of  communications.  How  do  we  share  information? 
How  do  we  communicate  problems?  In  the  maintenance  base  at  United 
Airlines,  we  have  about  12,000  employees  each  one  of  whom  is  involved  in 
many  information  transactions  in  a  single  day.  How  do  we  manage  this 
information  exchange  so  it  best  supports  our  maintenance  objectives? 

At  United,  we  have  made  attempts  to  better  manage  this  information 
flow  and  to  better  understand  its  dynamics.  For  example,  many  years  ago 
we  began  a  fault  isolation  program  to  code  maintenance  problems  in  order 
to  classify  them  in  a  way  that  we  could  then  run  computer  analyses. 

In  a  recent  "classic"  incident,  we  had  an  airplane  problem  which  the 
crew  coded  as  "Left  brakes  binding.  Airplane  pulls  to  left  on  landing." 
So  we  went  in  and  replaced  the  brakes  on  the  left  side.  The  airplane 
flew  again  and  we  got  the  same  report  from  the  crew:  "Left  brakes 
binding.  Airplane  pulls  to  left."  This  time  we  went  in  more  deeply, 
changing  parts  in  the  anti-skid  system  and  some  other  components.  Well, 
guess  what  the  problem  turned  out  to  be?  The  right  brakes  didn't  work. 

Here  we  have  a  simple  maintenance  problem  which,  through  neglect  of 
human  factors  considerations,  became  a  more  complex  problem.  If  someone 
had  simply  said  "The  airplane  pulls  to  the  left,"  we  probably  would  have 
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checked  both  brakes.  But  .someone  got  one  mors  level  into  trouble¬ 
shooting  than  was  required  and  the  system  led  us  down  the  wrong  path. 

The  issue  here,  of  course,  is  one  of  information  exchange.  How  can  we 
insure  that  the  data  we  receive  is  translated  to  information  appropriate 
to  our  needs  in  maintenance? 

I  happen  to  believe  that  there  is  a  fairly  simple  dictionary  that 
could  be  put  together  for  use  in  fault  isolation  that  would  be  easier  to 
learn  than  a  system  based  on  significant  number  codes.  This  approach 
would  be  more  appropriate  for  human  understanding.  Problems  would  be 
reported  in  standard  terms  commonly  used.  For  example,  the  report 
"Airplane  pulls  left"  uses  words  well  known  to  all.  Certainly,  humans 
relate  to  this  better  than  to  a  problem  described  as  ’'001--3002 . ”  Then, 
by  use  of  a  standard  dictionary  of  terms,  word-processing  techniques 
could  be  employed  with  the  key  words,  yielding  a  higher  likelihood  of  an 
accurate  diagnosis. 

Another  issue  that  falls  under  the  scope  of  communications  is  the 
exchange  of  information  among  the  different  players  in  the  industry. 

There  is  a  need  for  an  improved  data  base  of  maintenance  information  to 
be  shared  throughout  our  industry.  As  good  as  some  of  us  think  our 
networking  is,  I  think  that  we  have  a  major  problem  in  this  area.  For 
example,  at  this  meeting  I  have  learned  of  work  being  done  at  Douglas 
Aircraft  that  1  did  not  know  about.  The  same  is  probably  true  for  work 
at  Boeing.  Ours  is  a  very  complex  industry.  We  need  an  efficient  data 
base  that  will  keep  all  of  us  abreast  of  advances. 

Maintenance  and  inspection  programs  are  built  on  the  premise  of 
commonality  -  that  we  have  conmon  fleets.  In  fact,  this  is  not  true. 
United  Airlines  has  nominally  400  airplanes.  No  two  of  them  are  alike. 
Some  are  more  alike  than  others,  but  every  one  of  our  maintenance  systems 
is  based  on  the  assumption  that  they  are  common  and  that  we  are  going  to 
find  the  differences.  This  can  lead  to  serious  consequences  when  an 
error  is  made. 

If  I  assume  all  aircraft  are  different  and  then  look  for  the 
commonality,  I  don't  have  the  same  problem  if  I  miss  a  commonality  as  I 
do  if  I  assume  they  are  common  and  then  miss  a  difference.  In  terms  of 
human  factors,  we  are  creating  an  error  prone  process  by  starting  with  a 
bad  db Jump Lion . 


Another  problem  in  our  industry  is  that  in  the  past  our  audits, 
including  those  conducted  by  the  FAA  and  those  conducted  internally  by  an 
airline,  accept  a  95  percent  performance  level  or  above  as  okay.  By 
comparison,  segments  of  the  manufacturing  industry  decided  some  time  ago 
that  anything  less  than  100  percent  quality  as  a  target  only  leads  to 
problems.  Why  should  one  ignore  five  mistakes  in  100  and  consider  that 
good  performance? 

In  maintenance  operations,  we  must  come  to  realize  that  we  are  the 
ultimate  example  of  a  zero-defects  industry.  Statistics  describing  the 
low  incidence  of  mechanically  related  accidents  should  not  provide  any 
measure  of  comfort.  When  you  look  at  an  accident  classified  as  "pilot 
error,"  you  frequently  find  a  mechanical  problem  somewhere  along  the  line 
of  causal  events  leading  to  the  accident.  The  L-1011  accident  which 
occurred  in  the  Florida  everglades  many  years  ago  is  an  excellent 


A-35 


example.  In  this  case,  crew  members  were  distracted  from  the  flight 
regime  by  the  failure  of  a  landing  gear  light  to  illuminate  when  the  nose 
gear  was  lowered.  Trying  to  evaluate  the  problem  took  the  full  attention 
of  the  flight  deck  crew,  during  which  time  the  low  altitude  alarm  system 
was  accidentally  disengaged  and  the  aircraft  gradually  descended  into  the 
swamp . 

We  obviously  cannot  accept  any  level  of  defect  in  maintenance.  It  is 
just  not  good  business.  Every  airline  operator  and  every  manufacturer 
has  a  stake  in  100  percent  safety.  Every  commercial  carrier  must  have 
total  dedication  to  safety.  I  want  every  airline  to  spend  the  same  money 
on  maintenance  that  I  spend  and  to  be  as  safe  as  I'm  safe. 

Comehow  this  part  of  the  industry  (the  least  common  denominator)  must 
be  brought  up  to  the  same  level  of  commitment  as  the  rest  of  the 
operators.  This  is  one  issue  being  examined  new  by  the  industry  steering 
committee.  The  question  is  "What  do  we  do  as  an  industry  to  ensure  that 
we  have  100  percent  quality  performance  on  an  industry-wide  basis?" 

To  meet  a  standard  of  100  percent  quality  performance,  we  must  design 
our  systems  so  that  we  do  not  build  errors  into  the  system.  In 
particular,  we  must  build  systems  that  allow  aircraft  inspectors  and 
aircraft  mechanics  to  do  their  jobs  efficiently  and  to  make  their  full 
contribution  to  aviation  safety.  The  air  carrier  industry,  both  as 
individual  operators  and  through  industry-wide  activities  such  as  the 
aging  aircraft  program,  is  searching  for  means  to  manage  human  error 
during  aircraft  maintenance  and  inspection  and  to  make  ours  truly  a 
zero-defects  industry. 
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Inspection  and  Maintenance  Issues 
in  Commuter  Air  Carrier  Operations 


Norman  S.  Grubb 

Vice  President,  Maintenance  and  Engineering 
Henson  Airlines 


Introduction 


The  commuter  air  carrier  industry  of  this  country  and  the  world  has 
experienced  a  very  volatile  and  rapid  growth  over  recent  years  from  the 
"Mom  and  Pop"  entrepreneur  operations  of  ten  years  ago  with  a  few 
aircraft  to  the  large  corporate  regional  air  carriers  of  today.  Large 
fleets  of  sophisticated  and  new  generation  aircraft  cover  route 
structures  over  large  segments  of  the  United  States.  This  explosive 
growth  has  brought  with  it  a  unique  challenge  in  the  human  aspects  needed 
to  support  the  sophistication  of  the  industry.  (NOTE:  The  following 
remarks  represent  input  from  four  commuter  air  carriers). 

Thesis 


It  is  our  contention  that  the  human  elements  of  the  equation  have 
lagged  behind  and  not  kept  pace  with  the  technologies  of  today's  new 
generation  aircraft,  coupled  with  the  market  demands  of  the  commuter 
industry.  I  say  this  because  of  the  many  human  factors  issues  that  we 
see  in  today's  workplace.  These  factors  span  the  industry  from  the 
manufacturer  of  the  equipment,  to  the  regulatory  agencies,  to  the 
mechanic  on  the  job. 

Issues 


Let  us  examine  these  issues  and  discuss  their  impact  on  the 
production  of  a  safe  and  reliable  product. 

1.  Sophistication  of  the  new  generation  commuter  aircraft  vs.  the 
"old  school." 

2.  Training. 

3.  Manufacturer  support. 

4.  Frictions  between  AP  Mechanics  and  Quality  Control  Inspectors. 

5.  Clock-card  employee  turnover  and  experience  level. 

6.  Management  turnover  and  competency  as  it  affects  the  man  on  the 
job. 

7.  Aircraft  utilization  vs.  aircraft  maintenance  ground  time. 

8.  Fatigue. 

9.  Morale/job  satisfaction. 

10.  Drug/alcohol  dependency. 
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Sophistication  of  New  Generation  Commuter  Aircraft  vs.  the  Old  School 

The  technology  of  the  new  generation  aircraft  with  the  more  extensive 
use  of  micro-processors,  integrated  circuits,  and  advanced  avionics  has 
surpassed  the  know-how  of  the  majority  of  AP  Mechanics  and  Inspectors. 

The  AP  School  curriculum  has  not  kept  pace  with  advances  in  the 
industry.  The  "dope  and  fabric"  days  are  over  and  yet  this  subject,  as 
well  as  "woodworking,"  is  still  taught  in  AP  Schools.  Needless  to  say, 
the  A&P  curriculum  is  totally  inadequate  and  a  drastic  overhaul  of  what 
we  are  teaching  in  the  AP  Schools  is  badly  needed  to  prepare  mechanics 
for  the  "high  tech"  commuter  aircraft  of  today  and  tomorrow. 

Some  of  the  more  technically-trained  and  capable  employees  are  the 
avionics  technicians  who  have  gone  through  an  FAA-approved  avionics 
school.  These  people  are  virtually  ignored  in  the  traditional  FAA 
organizational  structure.  For  example,  an  Avionics  Manager  cannot  be 
Director  of  Maintenance  without  an  Airframe  and  Power  Mechanic  license, 
yet  an  old-timer  can  be  Director  of  Maintenance  strictly  with  an  AP 
license,  and  understand  very  little  about  today's  high  tech  aircraft.  An 
avionics  technician  can  graduate  from  an  FAA  avionics  school,  but  there 
is  no  license  that  allows  the  technician  to  work  on  the  aircraft  or 
sign-off  his  own  work.  An  avionics  technician  must  obtain  a  repairman's 
certificate  in  radio  and  instrument  repair  before  he  can  sign-off  his 
work.  An  AP  mechanic  can  be  taken  from  the  ranks  and  trained  in-house  in 
a  few  months  and  be  doing  work  and  signing  off  work  that  the  trained 
avionics  technician  cannot  do  until  he  gets  an  airman’s  certificate 
requiring  as  much  time  as  the  FAA  Administrator  deems  necessary.  This 
can  be  up  to  18  months  of  practical  experience  in  the  specific  job 
category,  and  then  this  certificate  is  not  transferable  to  another 
employer  (FAR  65.101).  Again,  this  is  a  deficiency  in  today’s  school 
system  for  qualifying  our  technicians. 

Training 

In  view  of  the  inadequate  training  of  today's  AP  in  school,  new  hires 
are  not  ready  for  systems  training  on  the  commuter  aircraft.  After  an 
initial  indoctrination  program,  the  new  hire  is  put  to  work  on  the  floor 
with  an  experienced  mechanic  for  aircraft  familiarization  a  month  or  two 
before  systems  training  can  be  meaningful  and  absorbed  by  the  mechanic. 

Manufacturer  Support 

The  manufacturers  of  today's  new  generation  aircraft  have  rushed  the 
product  to  market  before  full  technical  support  is  developed. 

Maintenance  manuals  leave  much  to  be  desired  in  terms  of  wear  limits, 
damage  limits,  repair  schemes  and  adequate  or  accurate  wiring  diagrams. 

As  situations  occur,  the  operators  find  themselves  going  back  to  the 
manufacturer  frequently  for  repair  limits,  repair  schemes  and  other 
relief,  and  this  information  is  forthcoming  after  the  information  is 
developed  by  the  engineers  and  approved  by  the  DER/DAR  (Designated 
Engineering  Representative/Designated  Airworthiness  Representative) .  In 
the  meantime,  an  aircraft  is  AOG  ("Aircraft  on  Ground").  The  operator  is 
caught  between  not  having  adequate  manual  information  for  the  aircraft 
and  not  being  able  to  make  subjective  judgments  in  violation  of  the  FAR's 
as  interpreted  by  the  Federal  Aviation  Administration.  The  industry 
needs  some  latitude  in  making  judgment  calls  by  mature  and  experienced 
maintenance  personnel. 
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In  my  opinion,  this  issue  has  the  most  effect  on  people  in  the 
maintenance  and  inspection  category  in  terms  of  mental  and  physical 
strains  of  the  job.  Maintenance  people  have  the  pressure  of  iStting  the 
aircraft  to  the  gate  on  time,  and  inspectors  have  the  pressure  of  making 
certain  the  aircraft  is  airworthy  before  it  leaves  maintenance  for 
revenue  service.  This  raises  many  questions  between  the  two  groups  as  to 
what  is  airworthy  and  what  isn’t,  and  on  what  basis  is  the  determination 
made?  This  situation  causes  an  adversarial  relationship  between  the 
inspectors  and  the  mechanics  and  supervisors.  Maintenance  people  think 
the  i.nspectors  do  not  feel  responsible  for  getting  the  aircraft  out  on 
time  and  that  they  continue  to  write-up  items  and  are  "nitpicking." 
Maintenance  is  dedicated  to  putting  out  a  safe  aircraft,  but  on  many 
occasions,  the  inspectors  do  not  consider  the  aircraft  airworthy  by  the 
strict  definition  or  interpretation  of  the  FAR's.  The  more  experienced 
maintenance  people  feel  they  should  be  able  to  make  subjective  judgments 
and  that  the  less  experienced  inspectors  are  looking  for  objective 
judgments  or  decisions  only  -  in  other  words,  they  want  to  go  strictly 
"by  the  book."  I'm  sure  this  is  an  old  story  to  all  of  you; 
nevertheless,  this  causes  mental  and  physical  strain  on  both  the 
maintenance  group  and  the  inspectors. 

In  the  Shop  atmosphere  however,  where  there  is  not  a  gate  time  to 
meet,  an  adversarial  relationship  does  not  exist  between  the  mechanics, 
supervisors  and  inspectors.  In  fact,  maintenance  welcomes  the  inspection 
group  in  the  Shop  atmosphere  and  sees  them  as  a  help  rather  than  a 
hindrance.  It  appears  the  pressure  of  the  gate  time  makes  the  difference. 

Clock-Card  Employee  Turnover  and  Experience  Level 

The  commuter  industry  has  experienced  an  extremely  high  turnover  due 
to  the  major  air  carriers’  expansion  and  need  for  mechanics  and 
inspectors.  Since  the  commuters  then  have  to  fill  the  ranks  from  AP 
School,  the  military,  or  from  Fixed-Base  Operators  (FBO's),  there  is  a 
large  percentage  of  inexperienced  mechanics,  particularly  on  a  type 
aircraft.  This  makes  both  the  inspectors’  job  and  the  supervisors'  job 
more  difficult,  and  it  does  result  in  less  efficient  operations,  since 
not  as  much  work  is  accomplished  and  more  mistakes  are  made  that  must  be 
corrected . 

Management  Tumover  and  Competence  As  It  Affects  the  Man  on  the  Job 

With  the  rapid  expansion  of  the  industry,  there  has  been  an 
increasing  demand  for  experienced  and  competent  management  to  fill  the 
many  positions  that  have  become  available.  As  a  result,  there  has  been 
considerable  movement  of  managers  from  operator  to  operator  and  many 
managers  in  their  present  positions  have  not  had  longevity  in  that 
position  with  the  particular  company.  Thw  workforce  sees  instability  in 
management  and  in  the  policies  and  procedures  that  ensue.  Also,  a  lot  of 
the  administrative  work  falls  on  the  lower-level  supervisors  as  the 
learning  process  of  the  new  manager  takes  place.  This  allows  less  time 
for  the  supervisor  to  spend  with  the  mechanics  or  inspc:ctors  on  the  job. 

The  second  part  of  the  increased  need  for  management  is  that  a  number 
of  young  people  have  been  promoted  from  within  to  authoritative  positions 


and  these  people  are  relatively  inexperienced  in  management.  They  are 
good  people  and  have  great  potential,  but  many  time  they  make  management 
decisions  based  on  their  ego  rather  than  on  sound  managerial  judgment. 
This  tendency  of  a  new  manager  to  show  his  authority  rather  than  consult 
with  the  more  experienced  often  results  in  poor  decisions,  particularly 
in  the  handling  of  personnel. 

Thus,  in  a  rapidly-expanding  industry,  whether  you  promote  from 
within  or  hire  from  outside,  there  is  a  maturing  period  for  the  manager 
which  has  a  direct  effect  on  the  workforce. 

Aircraft  Utilization  vs.  Aircraft  Maintenance  Ground  Time 


This  is  a  never-ending  battle  and  maintenance  usually  loses  as  a 
result  of  the  marketplace  and  cost-effectiveness  pressures  that  prevail 
in  most  commuter  operations.  To  meet  your  competition,  higher  aircraft 
utilization  is  necessary  and  more  maintenance  has  to  be  squeezed  into 
fewer  hours  of  ground  time  at  the  maintenance  base.  It  is  not  unusual 
for  an  RON  aircraft  to  arrive  at  midnight  with  a  run-up  time  of  5:00  a.m. 
to  meet  a  departure  at  6:00  a.m.  This  time  constraint  does  put  pressure 
on  the  maintenance  and  inspection  groups,  as  well  as  causes  friction 
between  these  two  groups,  which  I  have  addressed  as  a  separate  issue. 

Fatigue 

The  high  turnover  in  the  mechanics*  ranks  due  to  mechanics  moving  up 
to  major  carriers  results  in  the  hiring  of  young  mechanics  who  are  often 
just  out  of  school  and  starting  families.  These  mechanics,  working  at 
starting  wages,  find  it  difficult  to  make  ends  meet  and  often  require 
second  jobs.  In  "burning  the  candle  at  both  ends,”  these  mechanics 
become  tired  and  are  obviously  less  effective  and  more  prone  to  making 
mistakes . 

At  other  times,  there  are  situations  when  the  hiring  rate  has  not 
kept  up  with  the  turnover  and  there  is  a  shortage  of  mechanics.  This 
leads  to  overtime  and  longer  than  normal  hours  and,  again,  contributes  to 
the  fatigue  of  an  employee  and  the  associated  vulnerability. 

The  night  schedule  required  for  RON  maintenance  of  airline  aircraft 
is  a  factor  in  fatigue  also,  particularly  for  newer  employees  who  are  not 
used  to  the  night  routine.  The  mechanic  has  to  do  his  business  during 
the  day  and  often  goes  to  work  tired  as  a  result.  When  a  mechanic  is 
tired,  that  is  when  he  takes  shortcuts  in  doing  his  job. 

Morale/Job  Satisfaction 

Basically  people  want  to  feel  appreciated  and  want  to  feel  good  about 
themselves  and  the  job  they  are  doing.  When  a  mechanic  doesn't  like  what 
he’s  doing,  or  doesn't  feel  good  about  his  job,  his  work  suffers  and  this 
is  not  necessarily  a  conscious  effort  on  the  employee’s  part.  When  the 
mechanic  does  not  have  his  heart  in  the  work,  that  is  when  details  will 
be  overlooked  and  oversights  will  occur.  Good  morale  of  the  workforce 
can  make  the  difference,  and  many  things,  of  course,  go  into  making  good 
morale,  but,  in  my  opinion,  some  of  the  more  important  are;  (1)  letting 
the  troops  know  when  a  job  has  been  well  done;  (2)  maintaining  a  clean, 
well-kept  and  good- appearing  workplace  or  environment;  (3)  having  all  the 
necessary  tools  and  equipment  and  having  them  in  good  repair;  and  (4) 
communicate,  coi'imunicate,  communicate! 
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DruR/ALcohol  Dependency 

What  can  I  say  that  hasn't  already  been  said  about  drugs  and  alcohol 
problems  in  our  society  today?  However,  in  our  industry,  this  problem 
must  have  particular  emphasis  as  the  lives  of  so  many  people  are  at 
stake.  I  am  proud  to  say  that  Henson  Airlines  has  mandatory  drug- testing 
in  the  hiring  process  and  drug-testing  of  individuals  involved  in  any 
incident  or  accident.  However,  the  entire  industry  needs  mandatory 
drug-testing  in  the  hiring  process  as  well  as  periodic  and  random 
drug-testing  of  the  workforce.  This  should  be  a  top  priority. 

I  can  honestly  say  that  I  have  not  personally  seen  any  evidence  of 
drugs  or  alcohol  use  or  abuse  in  our  workforce.  However,  we  must  remain 
alert  and  always  be  on  the  lookout  for  the  problem.  Our  experience  has 
been  that  less  than  one  percent  of  mechanic  applicants  have  been  turned 
down  for  employment  as  a  result  of  positive  drug-testing  results. 

Thank  you. 


f 
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Human  Factors  in  Aircraft  Maintenance  and  Inspection 
Rotorcraft  Maintenance  and  Inspection 

James  T.  Moran 
Air  Safety  Investigator 
Aerospatiale  Helicopter  Corporation 


Introduction 


Several  years  ago,  Harry  Reasoner  made  a  rather  tongue-in-cheek 
comparison  between  pilots  who  fly  fixed-wing  aircraft  and  pilots  who  fly 
rotary-wing  aircraft.  The  paraphrased  statement  indicated  that 
fixed-wing  pilots  were  extroverted,  happy-go-lucky,  bright-eyed  people 
who  could  not  understand  why  people  actually  paid  money  to  have  them 
perform  their  day-to-day  duties;  while  on  the  other  hand,  helicopter 
pilots  were  beady-eyed,  neurotic  little  people  who  know  that  if  a 

catastrophic  failure  of  some  sort  has  not  already  happened,  it  is  about  * 

to.  This  is  due  to  the  fact  that  rotor-wing  aircraft  are  viewed  by  the 

pilots  and  n\aintenance  personnel  as  3,000  pieces  of  metal  fatigue 

surrounding  an  oil  leak,  and  these  combined  pieces  don't  really  fly,  but 

rather  beat  the  air  into  submission. 

Due  to  the  different  environments  that  the  helicopters  operate  in 
(i.e.,  high  vibration  levels,  high  torque  levels,  corrosive 
environments),  a  higher  level  of  diligence  is  required  by  maintenance 
personnel . 

Standardization  of  Inspection.  Maintenance  and  Repair  Manuals 

Maintenance  and  inspection  manuals  come  in  a  wide  variety  of  shapes, 
sizes  and  formats.  Although  the  majority  of  manufacturers  have  gone  to 
the  ATA  Specification  100  Type  System,  there  are  still  gaping  differences 
in  the  way  material  is  presented  to  the  mechanic.  Although  the  ATA 
System  provides  mechanics  a  standard  format  for  finding  material  in 
maintenance  manuals,  once  that  material  is  found  its  presentation  differs 
greatly  among  manufacturers. 

A  standardization  of  language  used  in  manuals  is  becoming 
increasingly  necessary  as  the  rotary-wing  aircraft  on  the  market  attain 
greatt'’  degrees  of  sophistication.  For  example,  turbine  temperatures  are 
expressed  on  different  aircraft  as:  EGT,  T4 ,  T5,  TIT  and  TOT.  Although 
the  areas  of  pick-up  for  these  temperatures  differ  slightly  among  * 

engines,  all  of  the  figures  produce  the  same  information.  The  same 
confusion  applies  to  the  nomenclature  of  turbine  rotor  speeds.  While  the 
compressor/gas  producer  sections  of  all  turbine  engines  are  referred  to  ^ 

as  either  MG,  N  or  Ml,  the  power  turbine  sections  of  the  same  engines  are 
referred  to  as  either  N2,  NTL,  NF,  N  or  NP.  Admittedly,  there  are  some 
differences  in  the  operations  between  a  free-turbine  engine  and  a 
fixed-shaft  engine.  However,  the  number  of  different  names  outweigh  the 
differences  by  far. 

LicensinR  of  Mechanics 

In  discussions  with  some  of  the  larger  helicopter  operators  in  the 
United  States,  it  has  been  observed  that  as  the  sophistication  of 


A-42 


aircraft  becomes  greater,  the  possibility  exists  that  the  necessity  of 
"type  ratiiig"  mechanics  in  different  aircraft  will  arise.  Although 
presently  operators,  in  conjunction  with  insurance  companies,  limit  the 
duties  of  certain  mechanics  to  their  experience  level,  there  is  no 
regulation  pertaining  to  this.  At  the  very  least,  consideration  should 
be  given  to  laaking  it  mandatory  that  aircraft  above  certain  weight  limits 
and  complexities  require  factory-trained  mechanics  to  perform  the  needed 
maintenance.  This  also  applies  to  the  level  of  maintenance  which  should 
be  allowed  to  be  performed  on  different  type  aircraft.  An  A&P  mechanic 
with  an  Overhaul  Manual  and  no  training  can  be  very  dangerous.  Attempts 
are  presently  being  made  by  the  manufacturers  to  ''ontain  such 
activities.  However,  lack  of  regulation  in  this  area  makes  the  job 
dif  f icult . 

Consideration  should  be  given  to  bringing  the  FAA  Regulations  more  in 
line  with  the  Canadian  Aviation  Regulations  which  require  licensing  by 
aircraft  type  for  mechanics,  even  after  they  have  been  to  an  approved 
manufacturer's  maintenance  school. 

Initial  Airframe  and  Powerplant  Mechanic  Training 

Under  present  day  standards,  there  are  no  requirements  for  an  A&P 
school  to  provide  a  potential  mechanic  with  any  training  in  rotorcraft 
maintenance.  This  means  that  a  mechanic  in  today’s  market  can 
conceivably  finish  his  license  requirements  never  having  been  any  closer 
to  a  helicopter  than  seeing  Airwolf  on  television. 

It  has  long  been  known  that  schools  teach  the  requirements  for  the 
FAA  test,  and  the  test  borders  on  being  antiquated.  There  presently  are 
sections  of  the  initial  training  which  deal  with  woodwork,  welding, 
fabric  skin  repair  and  radial  engines,  which  the  mechanics  will  never  see 
once  they  finish  the  curriculum  they  are  enrolled  in.  Perhaps 
miaintenance  schools  should  take  a  cue  from  flight  schools,  which  divide 
training  into  different  phases.  First  phase  would  be  initial  entry  level 
maintenance  on  all  aircraft  to  cover  standards  and  practices  and  other 
topics  described  in  AC  43.13-lA.  Later  phases  of  training  could  be 
devoted  to  either  rotorcraft  or  the  more  advanced  maintenance  techniques 
required  by  the  air  transport  industry.  Having  additional  certifications 
such  as  these  stamped  on  a  mechanic’s  license  would  make  him  more 
valuable  to  the  operators  of  different  aircraft  and  put  the  mechanics  in 
a  better  position  to  obtain  gainful  employment. 

Dynamic  Components  and  Service  Life  Limited  Parts  in  Rotary  Wing  Aircraft 

Certain  parts  in  aircraft,  to  include  the  dynamic  components  in  the 
rotor  head,  tail  rotor,  drive  trains,  and  gearboxes,  aie  "service  life 
Limited  "  These  limits  are  determined  by  the  manufacturer  during  fatigue 
testing  and  the  development  of  a  history  on  these  parts  over  years  of 
service.  The  tetTi,  "service  life  limit"  should  never  be  confused  with 
"time  before  overhaul,"  a  term  used  in  the  fixed-wing  market  mostly 
connected  with  fixed-wing  powerplants  and  components.  A  properly 
maintained  helicopter  should  have  separate  logs  and  "serviceable"  cards 
for  all  life  limited  parts.  Over  the  years,  many  catastrophic  accidents 
have  been  attributed  to  having  aircraft  parts  reinstalled  that  have 
reached  their  useful  fatigue  life,  been  "overhauled,"  and  returned  to 
service.  Having  your  alternator  go  out  on  a  Beech  Bonanza  while  in 
flight  is  "disturbing."  The  loss  of  a  main  rotor  blade  in  flight  could 
add  a  new  dimen.sion  to  that  term. 
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Constant  vigilance  by  mechanics  and  supervisors  is  becoming  more  and 
more  necessary  with  today’s  generation  of  helicopters.  Small  things  like 
following  the  Standards  and  Practices  sections  of  maintenance  manuals, 
and  giving  particular  attention  to  the  corrosion  protection  sections  of 
the  aircraft  inspection  and  repair  manual  can  go  a  long  way  in  reducing 
the  accident  rate,  which  has  already  been  substantially  reduced  over  the 
past  ten  years. 

Perhaps  some  day  we  can  improve  rotary  wing  maintenance  to  the  point 
where  our  "beady  eyed,  neurotic  little  pilots"  become  the  "extroverted, 
happy- gO' lucky"  ones  they  once  were. 
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Nondestructive  Inspection  Equipment  and  Procedures 


George  Ansley 

NDT  Specialist,  Service  Engineering  Department 
Boeing  Commercial  Airplanes 


This  presentation  describes  the  inspection  techniques  known  variously 
as  nondestructive  testing  (NDT) ,  nondestructive  inspection  (NDI) ,  and 
nondestructive  examination  (NDE).  The  principal  methods  used  today  to 
support  nondestructive  testing  include: 

o  X-ray .  These  procedures  have  been  in  use  for  roughly  50 

years.  X-ray  can  detect  anomalies  in  metal  just  as  in  bone 
during  medical  examinations. 

o  Ultrasonics .  Alterations  in  patterns  of  reflected  sound  waves 
are  used  to  pinpoint  structural  faults.  Technically,  this  is 
the  most  difficult  NDT  method. 

o  Eddy  Current .  This  is  an  electronic  inspection  method  in  which 
disturbances  in  an  eddy  current  indicate  a  metal  fault. 

Probably  90  percent  of  the  NDT  inspections  made  today  use  this 
procedure. 

o  Penetrant .  In  this  procedure,  a  dye  is  applied  to  the  metal 
and  then  examined  with  different  lighting  sources  for 
indications  of  unusual  stress  patterns.  This  is  a  well-known 
inspection  procedure. 

0  Magnetic  Particle.  This  procedure  is  limited  to  the  inspection 
of  steels  that  can  be  magnetized  and  is  commonly  used  in 
overhaul  situations  where  parts  are  taken  from  the  airplane, 
completely  disassembled,  and  inspected. 

The  above  are  referred  to  generically  as  methods,  i.e.,  the  eddy 
current  method.  When  these  methods  are  presented  in  specific  written 
instructions  for  aircraft  inspection  they  are  referred  to  as  procedures. 

The  primary  method  of  aircraft  examination  is  by  visual  inspection. 
This  remains  the  best  inspection  method,  with  possibly  95  percent  of  an 
aircraft  being  inspected  visually.  NDT  procedures  are  used  to  supplement 
the  visual  inspection  and,  in  general,  are  used  in  lieu  of  a  costly 
tear-down  process  in  which  much  hardware  is  removed  to  get  to  the 
structure  requiring  inspection.  NDT  procedures  are  effective  and  also 
control  costs.  Finally,  NDT  procedures  can  be  used  for  reliable 
detection  of  smaller  defects  than  could  be  found  visually. 

Figure  1  illustrates  the  use  of  a  nondestructive  inspection.  .Some 
years  ago  we  did  a  tear-down  inspection  of  an  older  airplane  and  found 
small  cracks  in  the  lower  wing  surface  spanwise  splice  stringer.  This 
stringer  goes  through  the  fuel  tank,  so  the  first  visual  evidence  of  such 
a  crack  would  be  a  noticeable  fuel  leak  on  the  underwing  surface.  Other 
than  the  surface  inspection,  the  only  other  visual  option  consists  of 
draining  the  tank,  climbing  inside,  scraping  sealant,  and  performing  a 
visual  check  there  of  each  of  the  7,000  fasteners.  It  is  our  position 
that  such  an  inspection  simply  is  impossible.  A  nondestructive  procedure 
must  be  used. 
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Approximately  7,000  fastener  locations  per  airplane; 
inspection  time:  2  men  -  8  hours  =  16  man  hours. 
There  is  no  viable  inspection  option. 


F  igure  1 .  Example  of  low  frequency  eddy  current  inspection  of  lower  wing  surface 
span-wise  splice  stringer. 

hn  i  ri'iuoct  1011  jced  tor  the  splice  stringer  consists  of  centering 

an  eidy  current  probe  in  place  and  sliding  it  slowly  the  full  length  of 
Che  wing  to  detect  possible  cracks  in  the  underlying  member.  Inspection 
time  for  the  7,000  fasteners  is  approximately  16  man-hours.  Obviously, 
the  NOT  procedure  is  superior  to  a  visual  inspection.  However,  it  comes 
with  its  own  problems.  Since  this  is  a  lower  wing  surface,  typically  one 
man  holds  the  eddy  current  equipment  while  the  other  applies  the  probe  to 
the  aircraft  while  standing  on  a  short  ladder.  The  inspector  thus  is 
leaning  back  while  looking  straight  up.  This  is  quite  uncomfortable  and 
can  only  be  tolerated  for  short  periods  of  time.  However,  in  our  mind, 
this  inspection  procedure  is  mandatory.  There  is  no  viable  option. 

The  basic  eddy  current  inspection  in  use  today  is  illustrated  in 
Figure  2.  This  shows  the  high  frequency  eddy  current  probe  inside  a 
fastener.  Generally,  the  inspection  probe  is  calibrated  against  a  test 
base  with  a  thirty- thousandth  inch  notch.  If  a  crack  of  this  extent  is 
found  during  the  inspection  of  a  fastener  hole,  the  hole  is  drilled  and 
repaired.  For  the  remaining  holes,  we  assume  smaller  cracks  are  present 
even  though  the  required  eddy  current  inspection  shows  nothing.  We  then 
oversize  eacn  of  these  good  holes  about  l/16th  of  an  inch  and  refasten 
’  f"-  structure  with  oversize  bolts.  This  procedure  is  called  out  in  many 
the  Service  Bulletins  we  have  issued. 

High  frequency  eddy  current  fastener  hole  inspection  to  detect  cracks  .030  inch  or  larger. 


Figure  2.  Example  of  non  destructive  inspection  to  support  structural  repair  or 
modification. 
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N PI  Pro cedure  Developrgent 


The  Boeing  Company  maintains  a  well- equipped  NOT  Laboratory,  with  an 
extensive  investment  in  equipment,  which  is  used  to  study  NOT  procedures 
and  to  validate  the  inspection  requirements  we  describe  in  Service 
Bulletins.  In  a  sense,  we  work  for  the  airlines  as  we  try  to  develop  the 
most  practical  and  effective  options  to  visual  inspection  in  maintenance 
programs.  For  the  most  part,  the  procedures  we  develop  are  considered 
mandatory  since  the  alternative,  taking  the  airplane  apart  to  examine 
internal  systems  visually,  generally  is  not  feasible. 

The  NDT  laboratory  also  considers  field  conditions  when  developing  an 
inspection  procedure.  For  example,  some  eddy  current  and  ultrasonic 
instruments  provide  the  readout  on  an  oscilloscope  rather  than  a  meter. 
This  works  fine  in  the  laboratory.  However,  we  deal  with  airlines  all 
over  the  world,  a  great  many  of  which  operate  in  the  tropics.  For  an 
outside  inspection  or  in  a  hangar  without  doors,  the  sunlight  simply  is 
too  bright  for  an  oscilloscope  to  be  used.  Therefore,  we  look  to 
alternate  procedures  or  equipment  that  will  be  effective  in  the  various 
environments  in  which  they  will  be  used. 

We  also  take  into  account  cost  of  equipment  to  the  airlines  and 
training  requirements  imposed  on  inspectors.  For  example,  when  the  FAA 
made  the  first  low  frequency  eddy  current  inspection  mandatory,  we 
conducted  a  school  for  inspectors  to  insure  that  these  inspections  would 
be  conducted  properly.  While  the  equipment  and  training  does  present  an 
additional  cost  burden  to  airlines,  there  appears  to  be  no  alternative. 

Much  laboratory  work  is  concerned  with  establishing  procedures  and 
standards  for  critical  crack  detection.  We  know  that  a  crack  grows 
slowly  as  metal  fatigues,  and  that  as  the  crack  gets  larger  its  rate  of 
growth  increases.  Our  Stress  Department  develops  infomation  on  crack 
size  versus  aircraft  landing  cycles.  In  how  many  cycles  does  the  crack 
go  critical?  From  these  data  we  establish  inspection  intervals,  as  shown 
in  Figure  3.  Our  Service  Bulletin  philosophy  is  that  we  want  two 
opportunities  to  detect  that  crack  before  it  readies  critical  size. 


Figure  3.  Establishment  of  NDI  inspection  intervals  to  ensure  detection  before  cracks 
become  critical. 
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We  also  consider  inspection  options  from  an  airline's  point  of  view. 
If  I  can  allow  for  a  larger  defect  in  a  Service  Bulletin,  the  inspection 
will  be  easier  technically,  a  less  expensive  piece  of  equipment  can  be 
used,  and  the  inspector  might  not  require  as  much  training.  The 
disadvantage,  however,  is  that  the  inspection  interval  must  be  shorter. 
For  instance,  the  inspection  might  have  to  be  made  every  six  months. 

This  is  inconvenient  since  the  airplane  is  not  available  for  scheduled 
maintenance  that  often.  Therefore,  we  can  stretch  the  inspection 
interval  by  dealing  with  a  smaller  defect  size.  In  turn,  this  may 
require  special  instrumentation  and  training.  The  inspection  itself 
might  be  slow  and  tedious.  These  are  difficult  tradeoffs  to  consider. 

Lap  Splice  Inspections 

Considerable  attention  has  been  given  recently  to  the  737  aircraft 
because  of  cracks  discovered  in  the  fuselage  lap  splice.  At  the  splice, 
fuselage  skins  are  thin,  each  of  them  only  thirty-six  thousandths  of  an 
inch.  Because  of  these  thin  skins,  the  base  of  the  countersink  for  a 
rivet  tends  to  be  a  knife-edge,  which  is  a  poor  fatigue  detail.  To 
counteract  this,  the  aircraft  were  constructed  with  a  cold  bond  system 
using  epoxy  over  a  thin  layer  of  dacron  or  glass  cloth  as  a  means  of 
distributing  the  load.  The  bonding  shares  the  load  with  the  fastener  and 
picks  up  enough  of  the  load  so  that  a  fatigue  crack  should  never  develop. 

We  found  with  older  airplanes  that  over  a  period  of  time,  in  the 
order  of  five  years,  the  bonding  material  begins  to  deteriorate  with 
moisture  and  you  begin  to  lose  the  load-carrying  capability  that  the  bond 
gave  you.  Fatigue  cracks  then  can  form  in  the  upper  row  of  fasteners,  as 
-shown  in  Figure  A. 


Figure  4.  737  aircraft  fuselage  lap  splice  inspection. 


Because  of  the  potential  for  crack  formation,  there  now  is  a 
mandatory  eddy  current  inspection  of  the  top  row  of  fasteners  in  the  737 
airplane.  The  required  area  covers  659  inches,  or  55  feet,  of  lap. 

Being  roughly  one  inch  apart,  there  are  659  fasteners  in  each  lap  and 
four  laps  to  be  inspected. 

The  inspection  is  mandatory.  However,  there  are  various  techniques 
for  conducting  an  eddy  current  inspection.  These  include: 

o  Pencil  probe/ temp  late 
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0  Pencil  probe/oversize  template 

o  Rotating  probe 

o  Sliding  probe 

o  Freehand  pencil  probe 

All  of  the  above  are  variations  on  a  theme.  To  illustrate  their  use,  I 
will  describe  those  frequently  employed  at  this  time. 

Use  of  the  pencil  probe/template  technique  is  shown  in  Figure  5.  The 
inspector  visually  centers  the  template  on  the  fastener,  then  takes  the 
pencil  probe  and  scans  the  fastener  looking  for  a  telltale  flick  of  the 
needle  on  his  eddy  current  display  instrument.  The  inspector  must  center 
the  template  before  he  can  move  the  pencil  proble.  While  working,  he 
holds  the  instrument  in  one  hand,  scans  using  the  pencil  probe  with  the 
other,  and  watches  the  meter.  Since  this  must  be  done  for  eve^'y 
fastener,  this  can  be  a  laborious  inspection. 


Figure  5.  737  aircraft  lap  splice  eddy  current  crack  inspection  using  pencil  probe/template 

technique. 


Figure  6  shows  the  key  characteristics  of  the  pencil  probe/template 
technique.  Detectable  crack  size  is  forty  thousandths  of  an  inch  from 
the  shank.  Since  6  to  8  hours  are  required  per  lap,  approximately  24  to 
32  hours  is  required  to  do  one  airplane. 

With  use  of  an  oversize  template,  as  seen  in  Figure  7,  inspection 
time  can  be  reduced  to  3  to  4  hours  per  lap.  However,  detectable  crack 
size  increases  to  90  thousandths  of  an  inch.  So  we  have  shortened  the 
hours  but  reduced  the  sensitivity  of  the  technique. 
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Detectable  Crack  Size 

0.040  Inch  From  Shank 

Estimated  Inspection  Time 

6-8  Hours  Per  Lap 

Required  Equipment 

Meter  Display  Instrument,  Pencil  Probe, 
and  Circle  Template 

Inspection  Advantages 

•  Sensitive  to  Very  Small  Cracks 

and  Limitations 

—  Permits  Economic  Rework 

•  Very  Tedious 

•  Detects  Cracks  in  All  Directions 

Figure  6.  Inspection  parameters  for  737  aircraft  eddy  current  crack 
inspections  using  pencil  probe/template  technique. 


Detectable  Crack  Size 

0.090  Inch  From  Shank 

Estimated  Inspection  Time 

3-4  Hours  Per  Lap 

Required  Equipment 

Meter  Display  Instrument,  Pencil  Probe, 

and  Circle  Template 

Inspection  Advantages 

•  Detects  Cracks  in  All  Directions 

and  Limitations 

Figure  7.  Inspection  parameters  for  737  aircraft  eddy  current  crack 
inspections  using  pencil  probe/oversize  template  technique. 
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Figures  8  through  13  show  the  techniques  and  characteristics  for  the 
sliding  probe,  the  rotating  probe,  and  the  freehand  pencil  probe 
systems.  Note  that  inspection  time  can  be  reduced  to  one  to  two  hours 
per  lap  with  the  freehand  pencil  probe  system.  However,  detectable  crack 
size  is  only  two-tenths  of  an  inch.  A  sununary  of  characteristics  for  all 
of  these  eddy  current  crack  inspection  techniques  is  presented  in 
Figure  14. 


F  igure  8.  737  aircraft  lap  splice  eddy  current  inspection  using  sliding  probe  technique. 


Detectable  Crack  Size 

— 

0.090  Inch  From  Shank 

Estimated  Inspection  Time 

2-3  Hours  Per  Lap 

Required  Equipment 

Impedance  Plane  Scope  Instrument 
and  Nortec  SPO  3806  Sliding  Probe 

Inspection  Advantages 
and  Limitations 

•  Requires  Only  One  Scanning  Direction 

•  Maximum  Probe  Off-Center  0.050  Inch 

•  Detects  Cracks  -45  Degrees  to  +45  Degrees 
From  Fastener  Line 

•  Oversize  Fasteners  May  Give  Crack 
Indications 

Figure  9.  Inspection  parameters  for  737  aircraft  eddy  current  crack 
inspections  using  Sliding  Probe  Technique. 
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Figure  10.  737  aircraft  lap  splice  eddy  current  crack  inspection  using  rotating  probe 

technique. 


Detectable  Crack  Size 

0.065  Inch  From  Shank 

Estimated  Inspection  Time 

2-3  Hours  Per  Lap 

Required  Equipment 

Rotating  Probe  Instrument  and 
Rotating  Probe 

Inspection  Advantages 

•  Detects  Cracks  in  All  Directions 

and  Limitations 

•  Oversize  Fasteners  May  Give  Crack 
Indications 

Figure  1 1 .  Inspection  parameters  for  737  aircraft  eddy  current  crack 
inspections  using  rotating  probe  technique. 


fasteners 


- i _ t 

y 

lower  skin 

Figure  12.  737  aircraft  lap  splice  eddy  current  crack  inspection  using  free-hand  pencil 

probe  technique. 


Detectable  Crack  Siie 

0.20  Inch  From  Shank 

Estimated  Inspection  Time 

1-2  Hours  Per  Lap 

Required  Equipment 

Meter  Display  Instrument  and 

Pencil  Probe 

Inspection  Advantages 

•  Detects  Cracks  -45  Degrees  to  +45  Degrees 

and  Limitations 

From  Fastener  Line 

Figure  13.  Inspection  parameters  for  737  aircraft  eddy  current  crack 
inspections  using  full-hand  pencil  probe  technique. 
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Technique 

Detectable 
Crack  Size 
From  Shank 

Estimated 
Inspection  Time 

Equipment 

Required 

Pencil  Probe/Template 

0.040  Inch 

6-8  Hours  Per  Lap 

Meter  Display 
Instrument 

Pencil  Probe/Oversize 
Template 

0.090  Inch 

3-4  Hours  Per  Lap 

Meter  Display 
Instrument 

Rotating  Probe 

0.065  Inch 

2-3  Hours  Per  Lap 

Rotating  Probe 
Instrument 

Sliding  Probe 

0.090  Inch 

2-3  Hours  Per  Lap 

Impedance  Plane 
Instrument 

Free-Hand  Pencil 

Probe 

0.200  Inch 

1-2  Hours  Per  Lap 

Meter  Display 
Instrument 

Figure  14.  Summary  of  techniques  for  737  aircraft  lap  splice  eddy 
current  crack  inspections. 


There  is  a  wide  variety  of  excellent  NOT  equipment  available  "off  the 
shelf"  today.  The  NOT  instrument  manufacturers  react  rapidly  to  industry 
needs  and  are  actively  developing  new  equipment  to  support  airframe 
manufacturers  and  the  airlines. 

In  general,  the  advances  in  NOT  technology  and  application  of  NOT 
procedures  have  exceeded  the  availability  of  qualified  NOT  personnel. 

Our  biggest  need  is  for  skilled,  trained,  and  experienced  inspectors. 

The  instrument  manufacturers  have  outdistanced  the  supply  of  trained 
personnel  to  use  these  instruments.  This  is  a  problem  we  must  address. 
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Improved  Information  for  Maintenance  Personnel 


Robert  C.  Johnson 
Chief,  Combat  Logistics  Branch 
USAF  Human  Resources  Laboratory 


The  Air  Force  has  been  working  on  the  problem  of  providing  proper 
technical  information  to  maintenance  personnel  for  many  years.  Our 
problem  in  this  respect  is  not  all  that  different  from  that  of  the 
commercial  airlines.  We  both  are  concerned  with  the  development  of 
procedures  and  systems  to  support  and  enhance  the  performance  of  aircraft 
mechanics  and  inspectors. 


A  significant  Air  Force  activity  in  this  field  began  about  20  years 
ago  with  the  Job  Perfomance  Aids  (JPA)  program.  This  program  literally 
redefined  the  technical  information  that  Air  Force  maintenance  personnel 
used  to  repair  airplanes.  Before  this,  technical  data  were  found  in 
books  and  in  large  paragraphs,  written  at  probably  a  12  to  14  grade 
reading  level,  far  above  most  of  our  mechanics*  ability  to  read  it. 
Related  information  was  scattered  throughout  a  volume  and  possibly 
throughout  several  volumes.  A  mechanic  had  to  have  many  books  in  order 
to  follow  a  procedure.  Procedures  themselves  were  not  clearly  identi¬ 
fied.  Illustrations  supporting  the  procedure  also  were  scattered 
throughout  the  books.  Studies  run  to  examine  the  performance  of 
maintenance  personnel  at  that  time  estimated  that  about  one-third  of  a 
mechanics'  total  time  was  spent  in  finding  the  proper  information.  In 
all,  there  was  ample  justification  to  begin  the  JPA  program. 


Even  as  job  performance  aids  come  into  increasing  use,  the  amount  of 
maintenance  data  necessary  to  support  a  given  airplane  continues  to 
grow.  The  number  of  pages  of  technical  order  data  required  to  support 
four  Air  Force  aircraft  over  a  forty-year  period  is  shown  in  Figure  1. 
During  this  time  span,  the  number  of  pages  of  maintenance  documentation 
has  --  'oU'd  approximately  seven  times. 


B-1B 

T986 

(1,000,000) 


Figure  1.  Pages  of  technical  order  data  required  for  four  Air  Force  aircraft. 

me  voluminous  maintenance  documentation  lends  itself  naturally  to  an 
automat  Lon  process.  Indeed,  ii  is  quite  possible  to  automate  technical 
data  and  print  it  out  in  stacks  of  IBM  paper  as  one  desires.  While  this 
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would  serve  the  purposes  of  automation,  it  would  not  serve  the  user's 
purpose  of  maintaining  perf orr^ance .  For  automation  to  be  successful,  it 
must  be  accomplished  in  a  manner  that  supports  user  requirements. 


Once  the  Air  Force  was  committed  to  automation,  the  first  step  was  to 
determine  the  requirements  for  technical  information  to  support  effective 
job  performance,  A  number  of  guiding  principles  were  followed  in  the 
approach  to  automation.  First,  as  noted,  the  user's  requirements  had  to 
be  kept  in  mind  at  all  times  during  the  design  process.  It  was  clear 
that  we  could  not  take  existing  technical  data,  process  it  through  the 
ccpiputer,  print  it  out,  and  expect  improved  performance.  Second,  the 
system  should  employ  an  effective  technical  order  content/format  approach 
to  be  consistent  with  existing  systems.  A  radical  departure  from 
coiivent, ional  documentation  would  not  be  effective.  Third,  usable 
controls  and  displays  should  be  provided  to  the  operator  attempting  to 
access  the  technical  data  and  then  employ  it  for  his  purposes.  Finally, 
user  acceptance  was  deemed  to  be  critical.  Even  though  all  human  factors 
issues  might  be  addressed,  user  acceptance  would  not  be  guaranteed.  User 
acceptance  is  a  variable  in  itself. 

Iri  an  automation  program,  there  are  three  areas  of  primary  concern. 

In  the  Air  Force  program,  as  seen  in  Figure  2,  issues  of  computer-aided 
autbirlng  of  materials  is  primarily  a  contractor  effort.  Issues  of 
ai ' cm-' od  1 ;  -  -  f  : , a  m-f -?  >!■.<•- j  on  T"e  handled  '■hrough  the  Air  Force 

i,,)g  1 1 1 <■ ;:  Copicand.  The  part  of  the  otforL  1  am  concerned  with,  as 
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Figure  2.  Areas  of  responsibility  in  Air  Force  integrated  technical  daia  system. 


conducted  through  the  Human  Resources  Laboratory,  concerns  electronic 
delivery  of  maintenance  information.  This  is  delivery  to  the  hands-on 
level,  whether  to  support  perforaance  in  maintenance  shops  or  maintenance 
conducted  at  the  flight  line. 

A  major  issue  in  the  delivery  of  automated  maintenance  information  is 
that  such  information  precisely  match  the  needs  of  the  user.  However,  we 
in  the  Air  Force,  as  do  you  in  airline  operations,  have  a  range  of 
expe“ience  in  our  mechanics  and  inspectors.  On  one  hand,  we  have 
exceptionally  experienced  people  who  have  perfoinned  certain  tasks 
hundreds  of  times  and  do  not  actually  need  technical  data  at  all,  except 
that  Air  Force  doctrine  says  that  they  will  use  it.  On  the  other  hand, 
we  have  new  personnel  who  need  step-by-step  detail  to  support  their 
performance.  In  our  program,  maintenance  personnel  are  separated  into 
three  tracks  according  to  their  needs.  Figure  3  illustrates  the  levels 
of  detail  provided  through  the  automated  maintenance  program  to  support  a 
technician  operating  In  each  of  these  three  tracks. 

LOW  MEDIUM  HIGH 


•  Verify  Equip.  Condition 

•  Remove  Filter  Assembly 

•  Remove  Filter  Assembly 

From  Fuel  Pump  Cavity 

From  Fuel  Pump  Cavity 

•  Remove  Filter  Element 

•  Disassemble  Filter 

1.  Cut  Safety  Wire 

•  Disassemble  Filter 

From  Fuel  Pump  Cover 

2.  Remove  Bolts  (1 ) 

•  Inspect  and  Clean  Filter 

CAUTION  1 

From  Filter  (2). 

•  Install  Filter  Element 

COVER  FUEL  PUMP  , 
OPENING  WITH  COVER  1 

•  Checkout  Fuel  System 

(b— \])  ,i-2 

TRACK  1  TRACK  2  TRACK  3 


Task  Summary 
For 

Experienced  Technicians 


Proceduralized  Steps 
For 

Average  Technicians 


Detailed  Instructions 
For 

Novice  Technicians 


Figure  3.  Different  levels  of  detail  in  maintenance-  instruction  to  support  technicians  with 
(different  experience  levels. 

In  1979  I  prepared  a  concept  paper  describing  an  Integrated 
Maintenance  Information  System  (IMIS)  which  has  subsequently  turned  into 
a  majr  Air  Force  and  DoD  project.  It  was  clear  at  that  time  that 
maintenance  personnel  reeded  more  than  simply  the  data  describing 
disassembly  and  assembly  of  components.  They  needed  technical 
infoimation  of  many  kinds:  training  data,  management  information  data, 
built  in  test  data  ori  the  airplane,  flight  parameters,  supply  informa 
tion,  and  possibly  access  tc  historical  information.  In  the  course  of  a 
day,  a  maintenance  man  might  have  to  interact  with  virtually  ali  of  these 
data  ;iystem.s  at  least  once  and  possibly  more.  In  this  case,  the 
maintenance  man  would  be  dealing  with  f i\'e  or  six  different  systems  with 
different  protocols,  different  software,  different  displays,  and  possibly 
conflicting  information.  No  one  would  provide  him  with  pteciscly  the 
informati()n  he  needed. 
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Llie  fiuc'pose  of  the  Integrated  Maintenance  Information  System  was  to 
pi'ovide  oiie  device  that  would  allow  a  technician  to  interact  with  all 
data  systems  as  if  they  were  one.  Software  integration  would  be  the  key 
feiture  of  the  new  IMIS  system.  At  this  time,  we  are  well  on  our  way  to 
proving  the  IMIS  concept  and  demonstrating  the  system  in  operation.  The 
technical  data  to  support  IMIS  are  available.  System  components  have 
been  evaluated  in  three  field  tests  using  intermediate  or  shop- level 
automated  technical  data.  Figure  4  shows  the  major  topics  of  concern 


1985 

intermediate-Level 
User  Requirements 
Off-the-shelf 


Formats 
Levels  of  Detail 
Schematics 
Resolution 
Interactive  Requirements 


1988 

Flight  Line 

Flexible  Research  Tool 
Durable 


Memory  Modules 
Multiple  Power  Sources 
Interactive  Diagnostics 
ABDR  Assessment 


1991 

Maintenance  Complex 
Increased  Capabilities 
Rugged 


Size/VVeight 
Expert  Diagnostics 
Ground  System  Interface 
Training 

Information  Integration 


Figure  4.  Three  phases  of  the  Air  Force  integrated  Maintenance  Information  S,’  .em. 

The  principal  end  product  of  IMIS  is  a  portable  computer  which  will 
plug  into  the  maintenance  bus  on  one  of  our  airplanes  and  download  at  the 
tligiit  line  the  built  In  test  data  necessary  to  troubleshoot  the 
.iMpiane.  All  automated  systems  on  the  airplane  can  be  checked  withoi't 
■  1  1:  hi  tig  into  the  cockpit.  Following  this,  the  same  portable  computer 
plugs  into  a  keyboard  and  turns  into  a  maintenance  workstation  that 
•j  1  1  ows  t  tie-  technician  to  interact  with  ground  systems,  with  airborne 
■.y, teiiis,  aiid  with  the  range  of  data  bases  necessary  to  support  his 
■  r ' t  o  rt  an.';  . 

:o  ri’jtu.iiy  rih'j,  we  plan  to  plug  the  portable  IMIS  computer  in  .o  an 
r  It  111'  [.iff  and  t.ry  the  system  on  the  flight  line.  We  will  have 
.  t  ■  ‘  gr  .it  1  or  '1  'tff.  hy  I'.lf.yi  di.'ignostic  procedures  with  supportiiig 

li  d..ta,  t.'Wo  r.ajor-  elements  I'^f  [MIS.  All  IMIS  software  will 

■  I'.'.grat'  1  ir,  lat-'  Id'll,  with  tlie  full  IMi'S  syst'im  available  In  early 
'  giiri  1  !  lu',*  ra*e:'.  *  he  oiiea'ai  ion  of  the  IMIS  intormatlor  network 

a  ‘  h.j  t  t  ;  a  .■ 
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Figure  5.  Operation  of  Integrated  Maintenance  Information  System  Network. 


There  ’'emaLii  a  number  of  aijsociated  Lechno io6.^e a  Lequitiiig  work  us 
to  develop  the  IMIS  system  to  its  full  potential.  Some  of  these  are  (1) 
interactive  diagnostic  technology,  (2)  computer  hardware  technology,  (3) 
data  base  development  issues,  and  (4)  problems  of  flight  line  opera¬ 
tion.  One  of  particular  interest,  however,  is  maintenance  aiding 
technology,  as  shown  in  Table  1.  For  example,  the  size  of  the  computer 
screen  is  a  matter  of  genuine  concern. 


TABLE  1 

EXAMPLE  OF  ONE  TECHNOLOGY  REQUIRING 
WORK  TO  SUPPORT  DEVELOPMENT  OF  THE 
INTEGRATED  MAINTENANCE  INFORMATION  SYSTEM 


Maintenance  Aiding  Technology 

Presenting  Data  on  Small  Screen 
Content 
Formats 

Man/Machine  Interaction  Techniques 

Presenting  Schematics 

Enhancing  Performance 
Levels  of  detail 
Highlight  signal  flow,  etc. 

Computations 

Field  Test 

Much  of  cur  information  is  preset. ted  in  the  form  of  schematics  which,  to 
be  readable,  are  physically  larger  than  the  screen.  We  are  working 
intensively  with  the  problem  of  small  screen  presentations  but,  although 
we  have  made  progress,  we  do  not  have  the  necessary  answers  as  yet.  We 
also  are  continuing  to  work  on  problems  of  man-machine  interaction, 
although  wc  feel  this  is  an  advanced  technology  at  this  time  We  sf i 1 1 
need  to  know,  however,  precise  levels  of  detail  to  use  for  a  technic  i.an 
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at  a  given  level  of  training  performing  a  specific  task.  We  also  need  to 
understand  proper  procedures  to  highlight  signal  flow  through  a  schematic 
and  to  illustrate  required  computations.  Finally,  there  is  more  work  to 
be  done  on  defining  optimum  procedures  for  field  testing  a  system  such  as 
IMIS  so  that  the  test  provides  all  information  to  support  ongoing 
improvements . 

While  the  Air  Force  has  a  specific  military  mission,  its  requirement 
for  quality  aircraft  maintenance  is  shared  with  civilian  airline 
operators.  If  the  technology  for  management  and  presentation  of 
maintenance  information  that  we  have  developed  over  the  years  can  prove 
useful  for  the  nation’s  civilian  aviation  industry,  so  much  the  better. 
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Strengths  and  Problems  in 
Maintenance  Training  Programs 


Richard  Hlavenka 
Division  Chairman 
Tarrant  County  Junior  College 


This  presentation  describes  the  manner  in  which  training  for  aviation 
maintenance  is  being  conducted  in  colleges  at  this  time  and  the  way  we 
relate  to  the  different  segm.ents  of  the  aviation  industry.  I  would  also 
like  to  dispel  certain  misconceptions  about  our  training  programs. 
Finally,  I  would  like  to  discuss  some  human  factors  pertain-ing  to  the 
scope  of  maintenance  training  today. 

Perhaps  the  best  way  to  introduce  the  topic  of  maintenance  training 
is  to  describe  briefly  the  program  at  Tarrant  County  Junior  College.  Our 
aviation  facility  is  located  at  the  Meacham/Fort  Worth  Municipal  Airport, 
some  three  miles  from  the  main  campus.  The  school  operates  on  a  semester 
system,  with  two  semesters  each  year  plus  a  single  summer  session. 
Students  who  enter  our  program  fall  into  three  basic  groups.  First, 
there  are  those  who  are  studying  to  enter  the  field  of  aviation 
maintenance  but  who  have  no  prior  experience.  These  students  typically 
have  been  out  of  high  school  from  one  to  ten  years.  Second,  we  have 
those  who  are  already  involved  in  aviation  and  are  looking  to  upgrade 
their  skills.  In  some  cases,  these  are  individuals  who  feel  the  airframe 
and  power  plant  mechanics  license  will  allow  them  to  move  to  a  better 
position  at  their  present  employment.  Finally,  we  have  those  individuals 
with  unique  reasons  for  being  in  the  program.  For  example,  some  are 
professionals  who  own  aircraft  and  want  to  understand  their  airplane 
better  and  possibly  do  some  part  of  their  own  maintenance.  Of  these 
three  groups,  the  largest  number  are  those  seriously  interested  in 
entering  aviation  maintenance  as  a  profession. 

Tarrant  County  Junior  College  is  similar  to  the  other  140  or  so  FAA 
approved  and  certified  airframe  and  power  plant  mechanic  programs  in  that 
we  have  a  core  curriculiam  which  complies  with  the  guidelines  of  Part  147 
of  the  Federal  Aviation  Regulations.  While  Part  147  influences 
considerable  similarity  among  these  140  schools,  there  is  still 
flexibility  in  what  can  be  done  within  their  curriculum.  At  our  school, 
the  airframe  and  power  plant  mechanics  program  requires  approximately  two 
years  to  complete  the  core  curriculum.  During  this  time,  a  student 
becomes  fully  qualified  to  take  the  FAA  examination.  We  a^-  -^ffer  the 
student  an  option  to  continue  into  a  two  year  Associate  ^  program. 

Here  we  offer  additional  academic  courses,  usually  in  tne  ...reas  of 
mathematics,  science,  and  communications.  Beginning  this  year,  we  will 
also  include  a  course  in  human  relations  and  a  course  in  speech.  It  is 
estimated  that  over  90  percent  of  those  graduating  from  the  core  two-year 
program  continue  on  and  are  awarded  the  Associate  cf  .Tpplied  Science 
Degree . 

For  the  past  several  years,  the  majority  of  our  students  have  been 
employed  by  the  major  airlines  immediately  upon  graduation.  In  the  past 
two  years,  most  have  gone  to  work  for  American  and  Delta.  We  are  proud 
of  the  fact  that,  for  the  first  time  in  the  Dallas/Fort  Worth  area, 
American  Airlines  has  started  hiring  our  graduates  and  put'^ing  them 
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directly  on  t’ne  floor  with  other  mechanics.  Thur ,  while  we  recognize  an 
ong'^ing  need  for  certain  improvements  within  the  program,  we  do  feel  that 
this  certainly  illustrate.;  our  program's  ef  f  ectiv'eness . 

The  raair.  area  of  screagth  in  training  today  is  provided  by  Tart  1*.?, 
which  assure.^  a  large  degree  of  coaw.onali  ty  among  the  pnjgrams  of  all 
in.-iiatenanc.-=;  schools.  r!\is  is  an  advantaf.c  io  the  employer  since  he  can 
assume  tnat  a  r^ewly  graduated  aircr.aft  mechanic  wi.l'.  have  hasic  training, 
kr.owiedgo,  and  skills  in  at  lea'.:t  '»3  area.-  of  r,-.'iation  maintenance, 
ranging  from  basic  electricity  to  aircraft  propellers. 

Within  hart  14/ ,  there  is  considerable  flexibility  as  to  the  way  in 
wiiich  a  school  can  cover  required  topics.  F’or  example,  we  are  shill 
required  to  teach  dope  and  fabric  techniques,  even  though  the  number  of 
fabric  covered  aircraft  in  the  national  inventory  certainly  is  limited 
today.  However,  Part  14/  does  not  specify  whether  this  l.opic  requires 
one  hour  or  5GC  hours  of  training.  In  our  particular  program,  we  offer 
34  hours  of  dope  and  fabric  procedures.  In  this  time,  we  teach  students 
of  the  need  for  the  procedure,  how  it  is  performed,  and  problems  incurred 
with  its  use. 

One  problem  we  faced  until  recently  concerned  getting  students  into 
the  program  who  were  academically  qualified  About  four  years  agv.),  we 
vjeie  experiencing  approximately  a  30  percent  drop-out  rate  among  students 
who  entered  the  first  semester  of  our  aviation  maintenance  progr.-am  This 
caused  us  some  concern,  particu’arly  since  cur  cntcllmaiit  is  limited  and 
we  wore  having  to  turn  away  .ctudent.s  each  semester  as  we  st.artcd  that 
year’s  program.  In  order  to  improve  this  situation,  v/e  estsbli.suec 
academic  entrance  standards.  All  students  now  arc  required  to  t^ke 
piacemcfit  tests  in  mathematics,  reading,  and  English  prior  to  accept¬ 
ance.  In  mathematics  a  student  must  be  competent  in  basic,  algebra.  He 
must  be  able  to  read  at  least  at  the  tenti.  grade  level,  ana  be  competent 
ill  En.glish  az  the  college  freshman  entry  level.  Students  scoring  below 
these  levels  are  directed  through  remedial  courses  pt ior  to  entering 
aviation  maintenance  training.  We  now  have  a  drop-out  rate  of  five 
percent  or  ies.s  in  the  first  semester  of  our  program. 

AccdemLc  instruction  is  continued  after  the  student  enters  his 
maintenance  training.  Mathematics  is  continued  through  basic 
trigonometric  functions.  Other  courses  emphasize  writing  and 
coii'.Tunicat ion .  Upon  completioi'  of  the  program,  our  average  student 
probably  is  reading  at  the  14  year  level.  We  consider  this  .skill  quite 
ii".poi;Lant  since  he  is  required  to  make  logbook  entries,  to  complete  Form 
3j7’s,  to  comiTiunicate  well  with  others  in  writing,  and  interpret 
accurately  the  wording  in  Airworthiness  Directives. 

Turning  to  the  problems  in  aviation  maintenance  training  today,  we 
c  ..me  back  to  Part  147.  While  I  have  previously  ident  ified  it  as  a 

length,  it  also  has  its  weaknesses.  One  problem  tn.ai.  mus',  be  solved, 

■if  d  ir  cur-rer'tly  being  worked  on,  is  that  the  ao:  union  t  basically  has  not 
;;  large'l  foi  about  20  year.-;.  This  means  w.^  are  gi-iduating  r'  idcnts  wb-s 
II  f  ’)<  !  ng  taught  fri'm  a  20  year  old  cu  c  c  icu  1  .am .  Wb.'le  we  'zave  upgraded 
‘  :  i  .  i^r.  ■  within  that  curriculum,  it  reii'.ains  the  r-,.r.ie  hs:-i,r  d.c t  . 

A  . j  f,  1  e>r'.  has  changed  cons  icier'ab  Ly  duL'ing  the  ta.st  I'l  years;  .art  l-'.7  cast 
ic'flect  ch.ese  cb.anges .  It  is  suggested  that  tliosi  of  you  with  concerns 
abo.j*  f  ar'-  14/  n  akf>  them  known  to  the  FAA  as  input 
Vo  the  study  now  in  progress. 
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W^ien  changes  are  made  to  Part  147,  consideration  should  be  given  to 
time  requirements.  At  the  moment,  the  FAA  requires  that  students  have  at 
least  1900  hours  of  training.  Our  program  offers  1965  hours  during  an 
intensive  two  year  program  in  which  students  have  a  total  of  only  six 
weeks  of  free  time.  If  Part  147  is  extended  to  require  more  hours,  this 
automatically  means  that  schools  must  extend  their  programs.  I  believe 
this  will  have  an  economic  ripple  effect  all  through  the  aviation 
industry.  At  the  present  time,  for  one  price  an  employer  can  buy  a 
product  -  an  individual  -  with  basic  entry  level  skills  and  knowledge. 
This  individual  knows  how  to  perform  aircraft  maintenance,  how  to 
interpret  technical  manuals,  and  how  to  work  on  his  own.  i.f  his  training 
is  extended  and  his  skills  enhanced,  however  desirable  these  may  be,  the 
price  of  the  package  may  well  increase.  This  in  turn  would  impact 
aviation  maintenance  costs  in  areas  where  operators  are  looking  at  close 
profit  margins. 

One  means  of  dealing  with  the  above  issue  could  be  to  develop  certain 
post-graduate  packages.  These  specialized  programs  could  be  added  to  the 
core  program  and  be  elective.  This  would  be  a  way  of  dealing  with  topics 
such  as  helicopter  maintenance  and  repair  of  advanced  electronics  systems. 

Finally,  there  is  another  topic  I  offer  for  consideration.  Table  1 
shows  a  typical  core  curriculum  for  an  aviation  maintenance  program. 

This  is  basically  the  FAA  curriculum  and  I  would  like  to  point  out  one 
thing  about  it.  There  is  nothing  in  it  that  relates  to  human  factors  or 
human  relations.  With  this  curriculum,  we  produce  an  individual  who  is 
strictly  limited  to  the  maintenance  phase  of  aviation. 

It  is  my  belief  that  the  Part  147  core  curriculum,  and  the  profession 
in  general,  could  be  improved  by  adding  some  topics  related  to 
employee/ employer  relations.  Areas  of  coverage  could  include 
professional  ethics,  professional  conmiunications ,  and  personal  commitment 
to  one’s  job.  I  believe  these  to  be  areas  that  are  vitally  important  to 
the  aviation  maintenance  technician  of  the  1980 's  and  1990’s. 

In  an  expansion  of  Part  147,  we  could  without  great  effort  include 
newer  areas  of  coverage  such  as  topics  concerned  with  "glass  cockpits," 
etc.  If  we  are  going  to  do  that,  however,  I  still  recommend  that  we 
include  coverage  of  human  relations  topics  as  suggested.  By  doing  this, 
we  will  produce  a  better  and  safer  mechanic  who  will  not  only  be  a  person 
who  can  do  the  job  well,  but  also  be  a  person  who  will  understand  the 
responsibilities  that  go  along  with  that  job. 
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Table  1. 


Typical  Core  Curriculum  for  an 
Aviation  Maintenance  Program. 


GENERAL  AVIATION  MAINTENANCE  COLRSES  (17  Hours) 


AER  1313 
ALR  1323 
AER  1344 
AER  1364 
AER  1383 


Background  for  .Aircraft  Science 

r* 

Advanced  Aircraft  Science 
Ground  Operation  and  Servicing 
Materials  and  Processes 
Basic  Electricity 


AIRFR.AME  COL  RSES  (29  Hours) 


AER  1333 

Assembly  and  Rigging 

AER  1335 

Sheet  .Metal  Stmclures 

AER  1356 

Airframe  Electrical  Systems 

AER  1372 

Aircraft  Landing  Gear  Systems 

AER  1374 

Hydraulic,  Pneumatic  and  Fuel  System 

AER  1392 

Aircraft  Covering  and  Finishing 

AER  1402 

Welding 

AER  1403 

1  tility  S\,«tems 

AER  1412 

Airframe  Inspection  and  Review 

POWl 

iRPL  ANT  COLRSES  (26  Hours) 

AER  2112 

Turbine  Engines 

AER  2425 

Powcrplant  Fuel  Systems 

AER  2434 

Propellers 

AER  2442 

Powcrplant  Lubrication  Systems 

AER  2456 

Re<'i[)rocating  Engines  Overhaul 

AER  2465 

Powcrplant  Electrical  Systems 

AER  2472 

Powcrplant  Inspection  and  Revie 
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The  Human  Operator  as  an  Inspector: 
Aided  and  Unaided 

Colin  G.  Drury,  Ph.D. 
Professor  of  Industrial  Engineering 
SUNY,  Buffalo 


The  thrust  of  this  presentation  is  toward  human  factors  in 
inspection,  a  key  element  within  the  broader  field  of  industrial 
maint“narce.  The  objective  is  to  point  out  human  factors  concerns  in  the 
inspection  process  and,  in  particular,  to  illustrate  how  the  human 
inspector  can  be  viewed  as  a  quantitatively  defined  technical  system. 

The  term  "human  factors"  can  be  considered  synonymous  with 
"ergonomics,"  which  has  been  defined  as  the  science  of  "fitting  the  job 
to  the  person  to  enhance  human  efficiency  and  well-being."  There  are 
specific  techniques  to  be  used  in  fitting  the  job  to  the  person.  The 
first  activity  is  a  systems  analysis  in  which  the  objective,  or  end 
product,  of  the  system  is  clearly  defined.  The  role  of  the  human  as  one 
component  within  the  system  also  is  specified,  to  the  extent  feasible,  at 
this  point.  Once  the  role  of  the  human  has  been  spelled  out  in  general 
teras,  a  task  analysis  is  conducted.  This  task  analysis  feeds  back  into 
system  design  in  that  hardware  changes  may  be  necessary  at  this  point  to 
begin  to  fit  the  job  requirements  to  the  human  ergonomically.  This  same 
task  analysis  also  becomes  the  basis  for  development  of  selection 
criteria  and  the  establishment  of  a  training  program. 

The  human  as  a  system  component  has  specific  capabilities  and 
weaknesses.  Humans  are  incredibly  flexible  .and  constitute  possibly  the 
best  general  purpose  device  ever  built.  Humans  can  do  almost  ai\yt.hing 
reasonably  well.  However,  the  error  rate  in  human  perf oraance  can  be. 
high.  An  individual  asked  to  perform  some  critical  task  over  and  over 
and  do  it  exactly  right  every  tim.e  generally  will  be  unable  to  do  so.  l-/e 
have  exceeded  his  capability  in  tei..a.i  of  reliable  porf cmance  In  human 
factors  design  terms,  this  means  it  is  a  mistake  to  design  a  system  in 
which  100  percent  reliability  is  required  of  the  human  operator. 

To  ensure  proper  system,  design,  much  specific  information  concerning 
human  capabilities  must  be  obtained.  Some  of  this  com.es  from  the  field 
of  psychology,  where  considerable  work  has  been  done  in  defining  human 
information  processing  capabilities.  How  are  data  obtained,  interpret¬ 
ed  ,  manipulated,  and  acted  on?  The  field  of  anatofi'/  provides  inform.ation 
concerning  body  size,  reach  characteristics,  and  other  ant hropom.Ftric 
-lualitics.  The  field  of  physiology,  finally,  provides  data  concerning 
physiological  limitations'  for  energetic  and  sustained  activities. 

One  characteristic  of  the  human  coiiiponent  which  separates  it  frorn  tb.e 
machins  is  the  manner  in  which  it  fails.  When  s=^riouGly  overloaded,  a 
machine  component  will  tend  to  fail  sndde.ily.  It  will  .'lUTijily  bre.ak.  On 
the  other  hand,  humans  exhibit  what  is  called  "gc.^ceful  degrad  it. i on" 
wtiate  they  tiegin  to  disregard  rh'ngs  cons'dered  less  iinporuanL  and 
concentrate  only  on  t.he  central  el-'-ments  cf  i.he  uhoV  .  by  :;o  coii.f;,,  n 
human  can  maintain  a  significant  measure  of  syster,’.  p.crCorm.arcc  beyond  the 
point  where  a  tot.alLy  machine  s>c:'fn  will  fa.l.  taw'-v'cr,  ovo'.a'il 
pe  s  f  .H-nance  l  e  1  l.vb  i.  I  i  ty  will  be  impaired  dining  this  period. 
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Reliability  of  human  performance  is  a  key  element  to  be  addressed 
during  a  human  factors  analysis.  A  machine,  when  working  perfectly, 
generally  will  exhibit  reliability  many  times  better  than  that  of  a 
human.  The  object,  however,  is  to  match  the  human  and  the  machine 
components  together  so  that  overall  system  reliability  can  be  improved 
over  that  achievable  independently  with  either  component. 

Much  of  the  study  of  human  reliability  in  industrial  settings  has 
centered  on  the  inspection  process,  whether  simple  unaided  inspection  or 
that  in  which  various  devices  are  used  to  "aid"  the  process.  Inspection 
can  be  part  of  production,  where  it  provides  a  quality  control  over  the 
production  process.  It  can  also  be  part  of  maintenance,  where  it  serves 
to  guide  attention  to  components  in  need  of  replacement  or  repair.  In 
the  aviation  industry,  inspection  for  maintenance  is  of  greatest  concern 
at  this  moment. 

In  the  inspection  process,  where  we  are  trying  to  detect  something, 
there  are  two  things  that  can  go  wrong.  A  Type  I  error  occurs  when  a 
good  item  is  identified  incorrectly  as  faulty.  This  is  the  false  alarm 
problem,  or  the  false  replacement  of  a  part.  A  Type  2  error  occurs  when 
a  faulty  item  is  missed.  A  Type  1  error  is  costly  because  it  results  in 
an  unnecessary  economic  burden.  A  Type  2  error  generally  is  of  greater 
concern  since  it  can  lead  to  more  serious  trouble  later  as  a  result  of 
the  faulty  part. 

In  aviation,  the  problem  is  one  of  trying  to  detect  a  fault  at  an 
early  stage  rather  than  simply  trying  to  detect  one.  However,  the 
earlier  we  try  to  detect  a  fault,  the  more  the  fault  looks  like  a 
fault-free  item.  In  other  words,  the  signal/noise  ratio  is  very  low, 
making  detection  much  more  difficult.  Under  these  circumstances,  we  can 
define  the  percentage  of  Type  1  errors  (El)  and  Type  2  errors  (E2) . 
Performance  then  can  be  specified  in  tem\s  of  El  and  E2  plus  "T,"  which 
is  the  time  to  do  the  job.  An  assessment  of  job  performance  then  becomes 
a  matter  of  examining  the  relationship  between  these  three  quantities. 

Table  1  presents  a  model  used  in  the  study  of  industrial  inspection. 
It  is  called  a  first-fault  inspection  model.  While  not  entirely  relevant 
to  aviation  inspections,  it  does  illustrate  the  logic  of  the  inspection 
process . 

TABLE  1 

PRINCIPAL  STEPS  IN  FIRST-FAULT  INSEPCTION  MODEL 
DEVELOPED  FOR  INDUSTRIAL  INSPECTION 


1.  Present  pre-selected  items  for  inspection 

2.  Search  each  item  to  locate  possible  faults  ("flaws") 

3.  Decide  whether  each  flaw  is  sufficiently  bad  to  be  classified  as 
a  fault 

A.  Take  the  appropriate  action  of  acceptance  or  rejection 
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In  the  fault  inspection  process,  an  item  is  presented  to  an  inspector 
who  fixates  some  small  area,  either  with  direct  vision  or  with  some  tool, 
and  decides  whether  a  flaw  is  present.  Then,  as  shown  in  step  3,  the 
inspector  decides  whether  the  flaw  is  sufficiently  bad  to  be  classified 
as  a  fault.  Finally,  he  recommends  the  approprie*^e  ac(L':t;  of  i  ■  !  •  nee 

or  reiection.  Fip,uro  I  sivjws  the  io>?.ic  of  .on  ’■  r'.  t  *  w  >  !i.i.  v  t  .cm. 


Figure  1.  Flow  chart  depicting  the  process  of  inspection. 

fault  inspection  .uodei  of  Figure  I  can  Lead  to  inttMo  '.  ' 
conclusions  concerning  the  inspection  process.  First,  to  commit  a  Type  1 
error,  the  rejection  of  a  good  item,  one  must  make  two  errors.  The 
inspector  first  must  find  a  flaw  that  is  not  actually  severe  enough  for 
rejection  and  then  must  make  an  incorrect  fault  classification  decision. 

To  make  a  Type  2  error,  acceptance  of  a  faulty  item,  the  inspector 
can  make  either  one  of  two  errors  in  parallel.  The  inspector  can  either 
fail  to  find  the  flaw  or  he  can  find  it  and  make  the  wrong  classification 
decision.  Thus,  everyting  else  being  equal,  one  would  expect  many  more 
Type  2  errors  (defects  being  accepted)  than  Type  1  errors  (good  items 
being  rejected).  So  immediately  we  do  not  expect  El  and  E2  probabilities 
to  be  equal. 

Of  the  four  tasks  presented  in  Table  1,  the  first  and  last  are 
relatively  reliable  operations.  If  the  system  is  designed  well,  these 
two  should  not  represent  a  problem.  The  other  two,  the  search  and  the 
decision-making  phases  of  inspection,  are  points  where  there  is  a  high 
chance  for  human  error.  Therefore,  attention  will  be  centered  on  these 
phases . 

The  search  phase  of  visual  inspection  can  be  influenced  by  several 
factors.  For  example.  Figure  2  shows  the  reduction  in  visual  performance 
during  a  test  in  which  a  known  flaw  was  presented  at  different 
eccentricities,  or  angle  from  the  line  oi  central  vision.  Results  .show  a 
steady  decrease  in  search  effectiveness  as  the  flaw  is  moved  away  from 
direct  vision.  At  20  degrees  off  axis,  subjects  could  identify  a  defect 
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with  a  10-rainute  visual  angle  size.  At  40  degrees  off-axis,  the 
detectable  size  increased  to  20  minutes.  While  this  is  for  one  type  of 
target,  comparable  results  can  be  found  for  other  sizes  and  for  different 
conditions  of  illumination.  The  important  point  is  to  recognize  that  any 
detection  task  which  requires  peripheral  vision  will  be  less  efficient 
than  one  relying  C(j(npletely  on  central  vision. 


Figure  2.  Decrease  in  visual  acuity  as  target  is  moved  from  line  of 
direct  vision. 


In  studying  visual  detection,  a  human  factors  engineer  is  concerned 
with  visual  lobe,  that  is,  the  area  around  the  line  of  sight  within  which 
a  fault  can  be  detected.  Factors  affecting  lobe  size  include  the  size  of 
the  target,  or  fault;  the  amount  of  light  placed  on  the  target,  and  in 
turn  the  eye;  and  the  contrast  between  the  target  and  its  background. 

All  of  these  variables  may  be  manipulated  in  an  effort  to  increase  the 
visual  lobe  size  and  hence  either  reduce  the  time  required  to  do  the  job 
or  reduce  the  errors  made  dtjring  job  performance. 

Another  factor  with  a  dramatic  eff  ict  on  visual  search  performance  is 
search  time,  as  shown  in  Figure  3.  These  results  show  that,  when  a 
difficult  to  detect  tai ’et  is  used,  a  search  time  of  two  seconds  will 
result  in  only  20  percent  of  the  faults  being  identified.  If  the  search 
time  is  increased  to  six  seconds,  80  percent  of  the  faults  can  be  found. 
This  is  a  direct  specd/accuracy  tradeoff  curve.  When  longer  search  time 
is  allowed,  more  faults  will  be  identified.  Note  also  in  Figure  3  that 
niaking  the  fault  easier  to  detect  (larger  visual  lobe  size)  gives  100 
percent  detection  at  two  seconds  per  item. 
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Figure  3.  Cumulative  probability  of  detecting  two  different  in. perfections. 

An  examination  of  the  decision-making  task  also  reveals  siime 
interesting  features.  Here  there  are  two  aspects  of  performance,  as 
noted  earlier.  Figure  4  plots  these  two  aspects,  i.e.,  the  percentage  of 
faulty  items  being  rejected  (100-E2);  the  percentage  of  good  items  being 
accepted  (100-El).  In  Figure  4,  perfect  performance  is  represented  in 
the  top  left  hand  comer.  At  this  point,  100  percent  of  good  items  are 
accepted  and  100  percent  of  faulty  items  are  rejected,  the  ultimate  goal 
of  the  inspection  process.  Figure  4  shows  the  results  taken  from  seven 
inspectors  in  an  industrial  operation.  The  data  point  at  the  bottom 
shows  an  inspector  who  is  accepting  over  90  percent  of  the  good  items  but 
is  finding  only  25  percent  uJ  the  faults.  On  the  other  hand,  the 
inspector  at  the  top  is  finding  80  percent  of  the  defects  but, 
unfortunately,  is  reject,  u.g  almost.  50  peicetil  of  t.tis;  i-  i,:. 


P«re«ntag«  of  Good  Itomo  Aoooptod 


Figure  4.  Performance  of  seven  inspectors  in  an  industrial  operation. 

’  f  os  f  ;  t  '.f 

used  by  inspectors.  The  individual  at  the  bottom  is  using  a  criterion 
which  says  "Unless  something  is  really  bad,  I'm  not  going  to  report  it." 
The  parson  at  the  top,  on  the  other  hand,  is  using  a  criterion  which  says 
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"1  am  going  to  report  the  slightest  flaw  I  can  see."  Neither  criterion 
is  acceptable.  Improved  training  for  on-line  inspectors  is  required. 

Improved  training  is  only  one  requirement  dictated  by  Figure  4.  The 
real  need  is  to  move  all  points  on  the  curve  toward  the  upper  left 
corner.  Use  of  signal-detection  theory  is  of  value  in  deciding  how  to 
proceed.  Basically,  this  tells  us  that  the  signal-to-noise  ratio  must  be 
increased.  What  makes  the  curve  so  bad  is  that  there  is  considerable 
noise  mixed  with  the  signals.  Achieving  an  increase  in  signal  to  noise 
can  be  a  difficult  matter,  but  there  are  many  ways  one  can  make 
improvements  in  that  direction. 

Signal  detection  theory  tells  us  that  detection  criteria  can  be  ex¬ 
pressed  mathematically,  to  show  that  two  factors  influence  the  inspec¬ 
tor's  choice  of  criterion.  One  is  related  to  the  prior  probability  of  a 
signal  being  a  real  signal.  The  more  a  person  expects  to  see  a  signal, 
the  mo^'e  likely  he  is  to  call  any  aberration  a  signal.  So,  as  the  proba¬ 
bility  of  a  signal  increases,  inspectors  modify  their  criteria.  Second¬ 
ly,  the  inspector's  perceived  costs  of  error  and  rewards  for  good  perfor¬ 
mance  affect  the  criteria.  As  the  costs  and  payoffs  balance  towards 
either  acceptance  or  rejection,  inspectors  modify  their  criteria 
appropriately . 

A  major  concern  in  maintenance  inspection  is  the  time  pressure. 

Figure  5  illustrates  the  effect  on  inspection  performance  of  increasing 
inspection  time.  ilere,  inspection  time  was  increased  by  a  factor  of  one, 
two,  and  three  times  the  normal.  With  this  increase,  the  probability  of 
rejecting  a  faulty  item  increases.  More  and  more  faults  are  found.  Not 
all  are  found  because  the  Line  does  not  level  at  100  percent.  Its  final 
level  depends  on  the  decision  performance.  At  this  point  all  search  is 
complete  and  the  inspector  is  now  into  decision,  so  that  the  curve  is 
decision  limited.  On  the  left  side  of  the  curve,  the  search  has  not  been 
completed,  so  it  is  search  limited. 


Figure  5.  Effect  on  inspection  performance  of  increasing  inspection  time. 


The  upper  curve  of  Figure  5,  the  probability  of  accepting  a  good 
item,  allows  a  marginal  decrease  in  performance  with  increased  time.  This 
simply  means  that  as  individuals  are  given  more  time  to  search,  they  are 
more  likely  to  be  successful  in  finding  something,  whether  a  real  fault 
or  not  a  real  fault.  More  false  alarms  are  produced  with  excessive 
search  time. 

The  above  data  illustrate  some  features  of  inspection  theory.  Search 
theory  and  signal  detection  theory  together  offer  guidance  concerning 
ways  to  im.prove  the  inspection  process.  A  number  have  been  mentioned. 
Tt-rget/background  contrast  can  be  increased.  Search  time  can  be  adjusted 
optimally.  Operators  can  be  trained  to  use  appropriate  search  criteria. 
Defect  size,  unfortunately,  is  a  variable  not  subject  to  manipulation, 
although  the  size  of  an  acceptable  defect  can  be  varied. 

Another  feature  which  can  be  varied  is  the  feedback  given  an 
inspector  concerning  his  success.  Figure  6  shows  performance  on  a  task 
where,  as  marked,  a  change  in  feedback  to  inspectors  was  made.  They  were 
simply  provided  more  rapid  feedback  as  to  how  well  they  were  doing.  This 
made  a  significant  change  in  their  discrimination  of  flaws  and  effective¬ 
ly  halved  the  number  of  errors.  For  a  given  false  alarm  rate,  it  halved 
the  number  of  misses.  For  a  given  miss  rate,  it  halvea  the  false  alarm 
rate.  Their  performance  was  essentially  doubled  by  providing  more  rapid 
feedback.  The  feedback  was  not  in  fact  better,  it  simply  was  provided 
more  rapidly.  This  makes  sense  when  one  realizes  that  without  rapid 
feedback,  the  inspection  loop  is  open  for  longer  periods  of  time  .ind 
increased  errors  can  occur  without  the  inspector  being  aware  of  them. 


Figure  6.  Effect  of  providing  more  rapid  feedback  on  inspector 
performance. 

In  supirviiy,  ni^rirjTi  i.  ^  nas  gtcwn  ir.i.e'  a  ac  I'  'C  '  ,  i.  ci  .i  u  k  i  'a  in 

which  the  r';!e  of  the  (ir.riiar;  •jperat.or  in  an  i  ndu;  i  r '  i  ■  '  r.  '  i' 

examined  in  terms  of  well-developed  models  and  mathematical  relaticn 
ships.  Improvements  in  aircraft  maintenance  and  inspection  can  be 
achieved  with  proper  application  of  tested  human  factors  procedures  for 
perf  ortiiance  enhancemei.t . 
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Vigilant  behavior  initially  was  studied  as  a  problem  in  its  own 
right.  In  time,  however,  a  bridge  was  made  between  the  world  of  vigilant 
behavior  and  that  of  inspection  performance.  Certainly,  what  we  have 
learned  through  the  years  about  human  vigilance  will  be  of  value  as  we 
consider  problems  in  the  inspection  of  systems  and  materials. 

Vigilance  research  shows  the  human  to  be  a  poor  monitor.  Yet  this 
same  research  illustrates  opportunities  for  management  intervention  to 
improve  vigilance.  Human  factors  engineers  can  contribute  to  this 
improvement  through  their  understanding  of  vigilance  and  its  relation  to 
inspection. 

The  routes  of  foni\al  vigilance  research  can  be  traced  to  wartime 
experiences  during  World  War  II.  At  that  time,  the  British  Coastal 
C(5mmand  was  flying  long  anti-submarine  patrols  over  the  Bay  of  Biscay, 
searching  by  radar  for  surfaced  German  submarines.  These  missions  were 
long,  Lastit\g  for  over  10  hours.  During  these  missions,  a  navigator  or  a 
pilot  on  occasion  would  walk  past  the  radar  operator’s  position,  look  at 
the  radarscope,  and  reach  over  the  operator’s  shoulder  to  say.  "Hey, 
there’s  one  right  there."  The  person  least  qualified  to  detect  radar 
targets,  who  happened  to  be  just  passing  by,  spotted  radar  signals  that 
had  not  been  seen  by  the  radar  operator. 

Problems  of  radar  detection  became  so  severe  that  a  laboratory 
investigation  was  begun  at  the  Medical  Research  Council  under  Dr.  Norman 
Mackworth.  These  studies  demonstrated  that  the  longer  operators  were  on 
patrol,  the  less  likely  it  was  that  they  could  detect  a  submarine.  This 
was  one  of  the  first  findings  of  vigilance  research 

Vigilance  refers  to  the  likelihood  that  a  human  will  respond  to  a 
signal,  so  vigilance  can  be  defined  operationally  in  terms  of 
probability.  Vigilance  differs  from  an  inspection  task  in  that  it  is 
event  driven;  the  signal  occurs  in  real  time  in  the  real  world.  You 
either  see  the  submarine  now  or  it  is  gone.  With  inspection,  you 
frequently  have  an  opportunity  to  go  over  the  inspection  a  second  time. 

Another  characteristic  of  a  vigilance  task  is  that  the  signal  is 
subtle;  it  is  hard  to  detect.  Another  way  of  saying  this  is  that  the 
signal  to  noise  ratio  is  low.  Also,  there  generally  is  a  low  signal 
rate.  Targets  do  not  appear  frequently.  Finally,  there  is  temporal 
uncertainty.  This,  of  course,  makes  the  task  unpredictable.  We  do  not 
know  if  a  .signal  will  appear  in  so  many  seconds  or  in  so  many  minutes. 

There  is  a  short  test  which  can  be  used  to  demonstrate  some  of  the 
issues  in  vigilance.  Done  properly,  the  following  sentence  is  projected 
ijti  a  screen  for  15  seconds: 

FINISHED  FILES  ARE  THE  RESULT  OF 

YEARS  OF  SCIENTIFIC  STUDY  COMBINED 

a/ith  the  experience  of  many  years 
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Subjects  are  asked,  during  their  15  seconds  of  viewing,  to  count  the 
number  of  tiraes  the  letter  ”F"  appears.  In  any  group,  most  people  will 
guess  three.  Others  will  guess  four  or  five.  Very  few  will  answer  with 
the  correct  number,  which  is  six. 

The  above  test  shows  that  the  human  is  not  a  good  inspector.  The 
problem  here  is  a  basic  one  in  cognitive  psychology.  Apparently,  since 
humans  pronounce  "OF"  as  "OV,"  the  "F"  in  "OF"  is  frequently  missed.  The 
human  serves  as  an  information  processor  and,  in  this  case,  tends  to 
distort  the  inf oimiation .  In  any  t  yent,  the  monitoring  and  inspection 
process  certainly  is  subject  to  error. 

Vigilance  performance  inevitably  shows  a  decrement  through  time.  Tn 
one  study  involving  a  48-minute  vigil,  probability  of  detection  dropped 
from  just  below  80  percent  in  the  initial  stages  to  approximately  50 
percent  at  the  conclusion.  This  Illustrates  the  rather  draniatic  decrease 
in  perfotTnance  effectiveness  that  can  occur  for  a  pure  vigilance  task. 

The  same  study  measured  perform.ance  of  subjects  on  two  consecutive 
days.  No  significant  difference  was  found.  There  was  no  evidence  of  a 
practice  effect  on  the  vigilance  task.  This  is  not  to  say  that  subjects 
cannot  be  trained  for  vigilance,  but  practice  alone  is  not  sufficient. 

In  other  studies,  subjects  have  been  run  for  many  days  and,  as  here,  no 
practice  effect  has  been  found. 

Another  feature  of  vigilant  performance  concerns  the  signal/rate 
e  ct.  In  another  study,  again  conducted  for  48  minutes,  subjects  saw 
p.i  r  16,  32,  or  48  signals  occur  during  that  period.  There  was  a 
dramatic  increase  in  the  rate  of  detection  of  these  events  as  a  function 
of  whether  16,  32,  or  48  signal  events  were  produced  during  the  trot 
period.  The  more  frequently  a  signal  occurs,  the  higher  the  probability 
of  detection  for  any  given  signal.  If  you  have  low  probability  of  the 
appearance  of  a  signal  event,  then  you  will  have  low  probability  of 
detecting  that  event  when  it  does  occur.  This  clearly  has  implications 
for  aircraft  inspection.  Rare  faults  will  be  most  difficult  to  detect. 

All  of  the  above  factors  can  operate  to  produce  vigilance  decrement. 
The  aynamics  of  vigilance,  and  vigilance  decrement,  can  be  illustrated  by 
an  experiment  in  which  adaptive  training  was  used.  As  a  subject's 
perforaance  improved,  the  task  was  made  more  difficult  in  proportion.  As 
performance  then  decreased,  the  task  was  made  easier.  The  objective  was 
to  produce  a  constant  level  of  performance.  In  this  study,  by  continuing 
to  adjust  task  difficulty,  an  essentially  constant  target  detection  rate 
of  75  percent  was  achieved.  In  terms  cf  aircraft  maintenance,  this  pieans 
that  if  you  want  a  constant  detection  rate  in  an  inspection  task,  over  a 
period  of  time  the  flaws  would  have  to  become  larger  and  larger  to  be 
detected  at  a  constant  rate. 

Figure  1  shows  some  of  the  forces  impinging  on  the  human  inspector 
which  might  be  viewed  as  opportunities  for  management  intervention  in  ai\y 
program  to  increase  detection  probabilities.  At  the  top  we  see  a  block 
containing  specifications,  photographs,  standards,  training,  and  pa.st 
experience  of  the  operator.  These  are  the  variables  which  directly 
affect  the  judgment  of  the  inspector.  When  an  inspector  looks  at  a  rivet 
on  an  airplane  or  a  pattern  appearing  on  an  eddy  current  scope,  he  is 
comparing  what  he  sees  to  a  stored  experience.  Experience  and  training 
can  be  manipulated  to  improve  performance. 
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Figure  1.  Production,  inspection  and  disposition  of  items  with  K  acceptance  cate¬ 
gories  (classifications)  and  one  rejection  category.  Upon  rejection, 
numerous  courses  of  action  are  available.  (From  Weiner,  1984). 


i  .  tor.  '.er':'  ■•'iia.i" ,  '..hfe  conscquonces  ,  or  payoffs,  of 

inspection  decisions  should  be  considered.  Figure  2  shews  the  case  in 
which  inspection  decisions  can  be  classified  in  a  2x2  matrix.  While  some 
industrial  processes  call  for  a  2xn  matrix,  the  2x2  appears  most 
appropriate  for  aviation  inspection.  In  Figure  2,  there  are  only  two 
classes  in  which  each  event  can  be  categorized.  There  also  are  only  two 
response  opportunities  on  the  part  of  an  inspector.  He  can  either  accept 
or  reject  an  item.  If  he  accepts  an  effective  item,  he  has  made  a  cor- 
.1  decision.  I.ikewise,  if  he  rejects  a  defective  item,  he  is  correct. 


to 

C 

M 


Accept 


Re j  ect 


State  of  Product 
Effect  1 ve  Defective 

Correct  Type  2  Error 

0m1 ss 1 ve  E  rror 


Type  1  Error 

Commissive  Error  Correct 


Figure  2.  Categorization  of  inspector  decisions. 

'w  !':t  ‘xami'e  fhe  it-.cerrect  decisions,  as  sh'ji<ei  in  Figure  2. 

•iie  '.he  :ype  and  lype  -i  eirors  mentioned  in  Dr.  Drury's  paper. 

If  the  product  is  effective  and  the  decision  is  made  to  reject,  the 
inspector  has  made  a  Type  1  error  -  a  commissive  error.  This  has  a  value 
or  cost,  here  referred  to  as  VRE  -  the  value  of  rejecting  an  effec-  tive 
product.  In  aviation,  these  are  the  unnecessary  removals  of  aircraft 
parts  or  unnecessary  redrilling  of  rivets. 
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If  the  item  is  defective,  and  the  inspector  fails  to  detect  it,  he 
has  made  a  Type  2  error  an  oiaissive  error.  This  also  has  an  attached 
cost  or  value.  In  aviation,  these  are  the  errors  of  considerable 
consequence.  Ttus  is  where  a  defective  part  goes  undetected  and  remains 
in  the  aircraft.  The  uiti,cate  consequences  can  be  quite  costly. 

In  one  instance,  a  company  producing  a  medical  product  considered  the 
cost  of  Type  2  errors  (missing  a  defective  product)  to  be  so  high  that 
the  inspection  process  was  adjusted  to  make  such  an  error  almost 
impossible.  However,  the  adjustment  greatly  increased  Type  1  errors. 

They  now  are  rejecting  50  percent  of  all  products.  One-half  of 
everything  manufactured  is  thrown  away  prior  to  use.  For  them,  this  cost 
tradeoff  appears  appropriate. 


In  another  study  of  inspector  performance,  m-T^  rational  results  were 
obtained.  In  this  study,  39  inspectors  each  examined  1,000  solder 
connections  into  which  20  defects  had  been  inserted.  There  were  thus  a 
coLal  of  29,000  inspect  isr.s  ccn^c  ted.  Table  1  shows  that  -f  th^  720 
defective  parts,  646  were  correctly  rejected.  On  this  basis,  the  success 
rate  was  83  percent.  For  the  38,220  effective  components,  25  were 
falsely  rejected.  He  we  see  the  probability  of  false  rejection  to  be 
less  than  one  in  one-thousand.  This  is  excellent  inspection  performance. 


TABLE  1 

RESULTS  OF  AN  INSPECTION  OF  39,000  PARTS  SHOWING 


TYPE  1 

AND  TYPE  2  ERRORS 

Inspector’ s 

Action 

Defective 

Effective 

Total 

Accept 

134 

(Type  2) 

38,195 

38,329 

Reject 

646 

25 

(Type  1) 

671 

Total 

780 

38,220 

39,000 

Data  from  Jacobson 

(1952) 

In  summary,  what  is  knowi  jut  human  vigilance?  Man  is  a  poor 
monitor.  Where  vigilance  is  required  over  time,  a  vigilance  decrement  is 
almost  inevitable.  Man  starts  off  as  an  imperfect  monitor  and  the 
situation  only  gets  worse. 

There  is  a  signal  rate  effect  on  vigilance.  If  the  rate  of 
appearance  of  a  signal  is  low,  the  probability  of  detecting  it  is 
lowered.  In  aviation  this  means  that  the  higher  the  quality  of  the 
product,  the  lower  the  signal  event  rate,  and  therefore  the  lower  the 
probability  of  detection  of  a  fault. 
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Selection  of  individuals  to  perform  monitoring  tasks  does  not  work 
well.  Selection  by  categories  particularly  is  ineffective.  Men  versus 
women  or  old  versus  young  are  not  good  variables  in  determining  who  makes 
a  good  inspector. 

Training,  it  well  structured,  can  meVe  a  difference  in  vigilance 
performance.  Practice  alone,  however,  is  not  effective.  The  practice 
must  take  place  within  a  well  defined  training  effort. 

Finally,  let  me  review  briefly  the  available  intervention  strategies 
and  indicate  for  each  what  I  consider  the  probability  of  producing 
improvement  with  that  strategy.  These  are: 


Job  Redesign  =  High.  Here  we  can  consider  such  matters  as 
conspicuity  of  the  signal;  increasing  the  signal-to-noise  ratio,  if 
possible;  length  of  inspection  periods;  social  atmosphere  and  the 
general  work  environment;  and  feed- forwardand  feed-back  mechanisms 
which  are  providing  information  to  the  inspector  both  before  and 
after  performance. 

Training  =  High.  Any  improvements  which  can  be  introduced  for  the 
workforce  or  for  the  promise  of  performance  benefits. 

Selection  =  Poor.  There  is  little  probability  of  significant  payoff 
here . 

In  all  of  the  above,  there  is  of  course  no  magic  solution.  No  single 
step  will  result  in  a  dramatic  improvement  in  vigilance  or  maintenance 
pecfotmance.  However,  appropriate  application  of  known  human  factors 
principles,  with  continuing  review  of  the  problems  encountered,  should 
result  in  a  steady  and  definable  improvement. 
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Human  perloLniance  plays  a  vital  role  in  all  inspections  and  tests. 
In  some  tasks,  such  as  visual  inspections,  the  importance  of  human 
performance  is  obvious.  But  even  when  technically  sophisticated 
equipment  is  employed,  the  outcome  is  highly  dependent  on  human  control 
actions,  observations,  analyses,  and  interpretations.  The  primary 
consequences  of  inadequate  performance  are  missed  defects  and  false 
reports,  and  the  costs  that  accompany  these  errors. 

Human-Performance  Framework 


A  variety  of  techniques  are  available  for  the  inspection  of  aircraft 
engine  and  airframe  structures.  Visual,  eddy-current,  ultrasonic^ 
radiographic,  magnetic  particle,  and  penetrate  testine  methods  are  uset 
(Hagemaier,  1988).  However,  the  types  of  human  actions  and  the  sequence 
in  which  these  actions  ane  perforTned  ere  comparable  ameng  tb.ect'  various 
techniques.  The  Lypir..iL  ;eou.en.':  ■  •  ji  act.  ■  etc  s  -.'./wn  i 


Figure  1.  Types  of  actions  and  typical  action  sequence  for  inspections  and  tests. 

Ill'  model  illustrated  in  Figure  2  shows  the  relationships  t  .yi  u, 
among  the  various  factors  that  can  influence  human  performance  m 
conducting  any  task  or  action  required  for  the  successful  completion  of 
an  inspection  or  test.  As  shown,  any  action  will  always  require  the 
input  of  information  through  one  or  more  sensory  channel  (visual, 
auditory,  tactile,  etc.)  and  the  execution  of  some  motor  activity  (hand 
movement,  speech,  etc.)  to  produce  a  required  outcome.  Poor  performance 
often  occurs  with  tasks  that  do  not  provide  an  adequate  match  between 
information  input  and  action  output.  For  example,  information  that  is 
incomplete,  not  timely,  ambiguous,  or  irrelevant  will  lead  to  incorrect 
or  delayed  actions.  Infonnation  presented  in  a  form  not  compatible  with 
the  mode  of  the  action  can  also  lead  to  inadequate  performance . 
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FEEDBACK 


INFORMATION 


ACTION 


PERFORMANCE-SHAPING  FACTORS 


Figure  2.  Model  of  human  performar»ce. 


To  attain  and  maintain  satisfactory  levels  of  performance,  feedback 
is  ne  *ed  on  the  outcomes  of  actions  taken.  Feedback  must  be  complete, 
relevant,  and  timely  to  be  effective.  However,  feedback  requirements  are 
highly  dependent  on  the  nature  of  the  task  or  action.  For  example, 
feedback  of  the  result  of  pressing  a  button  during  the  calibration  of  an 
ultrasonic  tester  must  be  nearly  instantaneous  and  must  be  provided  each 
time  the  button  is  pressed.  On  the  other  hand,  feedback  on  the  accuracy 
of  flaw  characterization  might  be  effective  even  if  delayed  in  time  and 
not  provided  after  each  characterization. 

The  infomation-act ion-feedback  loop  is  dictated  by  the  design  of  the 
equipment  and  procedures  employed  in  the  inspection  or  test. 

Consequently,  improvement  of  human  performance  by  addressing  inadequacies 
in  this  loop  must  necessarily  lead  to  design  changes  in  equipment  and 
procedures . 

The  final  category  illustrated  in  Figure  2,  performance- shaping 
factors,  are  those  influences  that  are  outside  the  information-action- 
feedback  loop  of  the  task.  They  include  the  following: 

o  Environmental  conditions 
o  Communications 

o  Tiiae  effects  (vigilance,  fatigue,  stress) 
o  Organizational  structure  and  support 
o  Knowledge  and  skills 
o  Personal  work  habits  and  attitudes 

The  actions  shown  in  Figure  1  can  be  combined  in  a  matrix  with  the 
human- performance  factors  shown  in  Figure  2  to  provide  a  framework  for 
addressing  human  performance  issues  in  inspection  and  testing.  The 
resulting  framework,  provided  in  Figure  3,  suggests  that  each  of  four 
types  of  performance  factors  can  be  examined  for  each  of  the  seven 
l.iopection  or  test  actions. 
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PERFORMANCE  FACTORS 

INSPECTION  AND  TEST  ACTIONS 

INITIATE 

SELECT  STDS 

PREPARE 

COLLECT 

COMPARE 

REPORT 

ASSESSA/ERIFY 

INFORMATION  INPUT 

ACTION  OUTPUT 

FEEDBACK 

PERFORMANCE-SHAPING 

Figure  3.  FrarnevvurK  oT  human-performance  issues  in  inspection  and  testing. 

Human  Perf omance  Issues  in  Eddy-Current  and  Ultrasonic  TestinR 

Human  perforaance  iscues  in  eddy-current  and  ultrasonic  testing  were 
studies  recently  with  the  framework  described  above  (Harris,  1988).  The 
context  of  the  study  was  eddy-current  and  ultrasonic  examination  of  the 
structural  integrity  of  nuclear  power  plant  components.  The  inspection 
technologies  examined  were  similar  to  those  employed  in  inspections  of 
aircraft  structures.  Information  was  obtained  from  the  following  types 
of  sources; 

o  Industry  procedural  reference  documents 
0  Training  materials  -  coursebooks,  guides,  worksheets 
o  Research  reports  and  related  documents 

o  Interviews  with  subject-matter  experts  and  job  incumbents 
o  First-hand  observations  of  task  performance. 

The  study  identified  numerous  human- performance  issues  in 
eddy-current  and  ultrasonic  testing,  and  produced  the  following  nine 
recommendations  for  improving  human  performance  on  these  types  of  tests. 

Develop  Gui delines  for  Operator-Control  Interface  Design 

In  the  design  of  new  eddy-current  and  ultrasonic  inspection  systems, 
the  application  of  human- factors  principles  and  techniques  has  not  kept 
pace  with  the  introduction  of  new  technology.  New,  computer-based 
inspection  and  testing  systems  are  cumbersome  to  set  up  and  operate, 
T'equirc  excessive  manipulation  to  get  the  job  doi.s,  require  control 
actions  not  Logically  organized,  and  rely  excessively  on  human  short  term 
memory.  Because  a  large  body  of  human- factors  information  now  exists  to 
guide  the  design  of  human  computer  systems,  a  handbook  of  selected 
information  should  be  developed  to  guide  designers  of  inspection 
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systems.  The  handbook  would  contain  human- f ac tors  principle';,  data,  and 
techniques  specifically  applicable  to  the  design  of  the  operator-system 
control  interface  for  computer  based  inspection  and  testing  systems. 
Application  of  the  handbook  could  help  produce  more  effective  future 
systems,  reducing  the  time  and  expense  required  for  performance  of 
ii\spection  tasks. 

Analyze  Eddy  Current  Performance  Data 

Little  infotmation  has  been  generated,  to  date,  on  eddy-current 
testing  performance  from  systematic  studies  capable  of  producing 
scientifically  valid,  statistically  significant  results.  Consequently, 
research  is  needed  to  answer  some  very  fundamental  questions  such  as  the 
following:  For  each  of  the  various  damage  mechanisms  encountered,  what 

are  the  expected  rates  of  alternative  inspection  outcomes  -  correct 
calls,  false  calls,  and  missed  detections?  How  is  each  inspection 
outcome  for  each  damage  mechanism  influenced  by  structure  type,  geometry, 
location,  and  extraneous  variables?  What  is  the  relative  reliability  of 
different  cues  used  for  detection  and  characterization  of  different  ‘■ypes 
of  flaws?  Answers  to  the  questions  posed  can  point  to  the  specific 
aspects  of  eddy  current  testing  where  improvements  in  system  design, 
inspection  strategies  and  procedures,  analyst  training  and  qual i f icat ion , 
and  ii\spection  organization  are  likely  to  have  the  greatest  payoff. 

A  s  s  ss  Eddy-Current  Informat  ion- Integration  and  Signal- 
1 n t e rp r e t ation  Str ateg ies 

Eddy  current  testing  requires  the  analyst  to  integrate  a  substantial 
amount  of  information  to  provide  the  context  for  signal  pattern 
recognition  and  interpretation.  What  is  the  most  effective  way  to 
organize  and  integrate  relevant  information  in  support  of  signal 
interpretation?  What  data  integration  and  signal  interpretation 
procedures  are  most  amenable  to  computer  aiding?  Alternative 
data  integration  and  pattern- recognit ion  strategies  and  methods  should  be 
'leve loped  and  e.xperi mentally  evaluated.  Alternatives  would  incorporate 
applicab’e  human- f actors  principles  (from  previous  related  research)  as 
well  as  techniques  found  to  be  employed  by  successful  inspectors  The 
research  results  would  identify  and  define  any  significant  differences 
ari.ong  a  i .-et na 1, 1 . ...  ..;.ratcg.cz  "..1  metbo'^-  information  integration  and 
sigiial  interpretation,  generate  the  basis  for  guidelines  for  more 
effective  eddy  current  inspection  strategies  and  methods,  and  provide 
criteria  for  the  design  of  future  eddy-current  testing  systems. 

ueye)^p  Mpee  Effective  Eddy-Current  Display  Designs 

The  principal  displays  employed  for  eddy-current  flaw  detection  and 
characterization  are  variations  of  meter,  oscilloscope,  and  strip-chaL't 
type  displays.  These  displays  originated  with,  and  have  been  little 
changed  since,  the  initial  use  of  analog  systems.  The  geometric  forms 
(signals)  presented  on  these  displays  typically  do  not  relate  directly  to 
the  phy.sLcal  characteristics  of  what  is  being  inspected,  but  rather  to 
tin;  characteristics  of  an  induced  electric  current.  Therefore,  the 
information  contained  in  the  displayed  signals  must  be  mentally 
transformed  by  the  analyst  for  purposes  of  flaw  detection  and 
characterization.  Cuch  mental  transformations  are  likely  sources  of 
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insjie;;  t  i. '1;  ►ii'.-rs  iuse  they  ri.t.t  <;  onp  h  ■  >“ ;  l  y  ^tid  a:^;bi>^uity  to  tVio 

They  al;'0'  coiivir'i-  a  lua'.^  1  e  LiiopO'..  t  Li-ii  *  na  i  idfr^rt.  The  aviihh  :l:ty 
of  aigital  oigrial  poi^cess  icg  ati'i  'ih'-pLay  !  <-- :;uio  I  ogy  now  provide;;  *!< 
opportunity  to  explore  dloplay  rhirr-.ats  o'lvr  i.han  those  prev  loui;  1  y 
dictated  by  tr.alcg  t^.  _hr.G  Lcgy .  Displays  '■►■at.  are  yi'.ore  rupr'esent  at .  ve  ,.i:,d 
directly  interpretable  cculd  increase  tVie  accuracy  of  inspections  and 
reduce  inspection  costs.  Costs  could  be  reducf;-d  by  rn  In  i  nilz  Ing  Inspect  ior; 
t  hue  and,  with  increased  accuracy,  by  reducing  the  need  for  redundnit 
inspections  and  the  time  required  for  the  resolution  of  conflicting 
resu  Its  . 

Research  Automatic  Eddy-Current  Signal  Screening  and  Analy:i  Is 

Recently,  systems  have  been  developed  and  employed  for  the  autoncit  Ic 
screening  of  eddy-current  data  by  means  of  computers  equipped  with 
detection  rule  based  programs.  The  systems  are  designed  to  screen  tht- 
data  for  signals  of  potential  flaws  which  are,  then,  analyzed  by  aii 
experienced  analyst.  Research  and  development  work  is  also  being 
conducted  on  computer-based  systems  designed  to  both  detect  and 
characterize  flaws.  Automatic  screening  and  analysis  raise  some 
sensitive  human- factors  issues;  What  guidelines  and  techniques  aro 
required  to  assure  that  the  screening  criteria  selected  wi 1  1  produce  the 
desired  results?  What  is  the  most  effective  form  of  interaction  ^niong 
analyst  and  system?  What  steps  will  be  required  to  gain  acceptance  foi- 
the  system,  among  those  who  have  the  ultimate  decisi.sn  making  auth'>rity 
for  structural  integrity?  A  human- factors  study  effort  should  addtanni 
the  above  questions  in  parallel  and  in  close  coordination  with  syst^mn 
research  and  development  efforts.  The  eff^^rt  would  be  mainly  analytical, 
reviewing  and  applying  appropriate  data  and  principles  to  answer  tlie 
issues  raised.  The  answers  obtained  would  help  assure  the  success  of 
increased  levels  of  automation  in  eddy-current  inspection  systems. 

Collect  and  Analyze  Ult rasonic  Perfomance  Data 

Round- robin  studies  of  ultrasonic  inspections,  in  which  each  of  a 
sample  of  inspectors  inspects  each  of  a  sample  of  welds,  have  shown  tbal 
inspection  accuracy  is  typically  much  lower  than  expected.  However, 
t-hese  studies  have  produced  little  insight  into  why  inspection  accuracy 
is  no  better  than  it  is,  or  specifically  what  might  be  done  cO  reilcuilgn 
the  task  or  instrumentation  to  pr-oduce  better  results.  Specifically, 
a.i_.wers  arc>  required  to  the  following  questions:  What  task  and 
procedural  variables  correlate,  positively  and  negatively,  with 
inspection  accuracy?  What  signal- interpretatioti  strategics  arc  p'o;;t 
successful?  'What  logical  steps  are  correlated  with  the  different 
inspection  outcomes  -  correct  call,  false  report,  missed  flaw  -  for 
different  flaw  types?  Performance  data  should  oe  uollc^tcd  .and 
to  answer  these  types  of  questions.  Results  could  identify  improvements 
required  in  inspection  procedures,  instrumentation,  and  training. 

R^u ce_ the  Complexity  of  Manual  Ultrasonic  Detection  of  TGSCC 

A  substantial  amount  of  evidence  suggests  that  ultrasonic  detection 
of  intergranualr  stress-corrosion  cracking  (IGSCC)  by  manual  methods,  as 
the  task  is  presently  designed  and  under  the  conditions  in  which  the  task 
is  typically  performed,  is  too  complex  to  produce  reliable  results. 
iGSCC  is  the  type  of  cracking  that  results  from  the  continuing  effects  of 
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r : ! ' '  t  ' . J  '  h  i  ■  h  •  :i  irflLh  Lhf  r  .  j  rTi,'  :  1  v  i  >  i-rffr*,:;  of  » 'ti  V  !  r  i; !  o-t  ;Ti  t  ■  i  1 

•  ft' ::  r-;  ’  ,  iro)  :  if  ‘  i- I'rojd  ru  '^iinply  a;;,  ''niot.al  fa'  ifyif."  Tiio 

;(  ho'w  to  i  i-oaia-  Iho  accuracy  and  rullcl.ili.Ly  <if 

..1';,:)  :  i ,  a  [  •  ■  c  t.  i  G!  i  l.y  ['t’ducin>’  the  burden  atid  c  otrip  1  oy.  i  t  y  of  Lbu  La'jk 

>1  f-Giiiiy  uiaiyceL;  an.i  obin'rvat  iuiir  liuggert.  that,  alLho'jgh  a  major 
'  :  ik'fn'.agl,  iG  not  likely,  Lbc'  cumulative  effect  at  many  small  changer, 

■  ick  .Ifclgn  '.n.iut  ’  have  a  signlt  leant  effect  on  perf  orntance . 
l.p.e,  it  ir.it  -Lcns  f  .  cask,  redesign  instrumentation  and  procedures 

Jill  be  dc-o  '  ped  through  detailed  task  analysis  and  af  plication  if 
ha  .ill  f.i'tf.,.,  design  principles.  The  recent  availability  of 
:  ; '  L  p  S'' es  iior  tech.r.ology  lor  ultrasonic  inspection,  in  particular, 
pL  .;a' lacs  nt.w  opportunities  for  Increasing  the  compatibility  between 
inspector  c  .ipab  i  I  i  t  ies  .and  task  design. 

Define  Optimal  Strategies  for  Ultrasonic  Testing 

There  appears  to  be  no  single,  agreed-upon,  best  strategy  (or 
:  a ' 'tg  i  es  curTontly  employed  for  the  ultrasonic  detection  and 
1 ;.  c  ■:  r  1C  1  na  t  ion  of  flaws.  A  relatively  Large  number  of  possible  overall 
,  r  a  teg  1  es  exist  because  many  options  are  available  to  select  from  - 
,  jp  e-c  t  i  on  pararaeters,  Inspection  techniques,  scanning  patterns, 
i  i.o  :  r  ;  m  inat  ion  logic,  and  others.  For  any  type  of  application,  a  model 
.itrategy  ohi(.iuld  be  constructed  from  the  collective  experience  and 
:  ..I'igi.'ent  of  a  sample  of  senior,  experienced  inspectors.  The  model  would 
pecify  the  analytical  sequences  used,  the  emphasis  to  be  given  to 
iiffrii'tit  variables,  the  techniques  and  cue?  to  be  employed,  and  the 
t  (.'.i.: ms  for  each.  Inspector  trainees  could  then  be  provided  an  optimat 
■otr-itegy,  based  on  the  collective  insights  and  experience  of  senior 
;  Mipec tors ,  as  part  of  their  instruction  in  the  ultrasonic  inspection. 

As  a  c msequf nee ,  they  could  more  quickly  attain  the  confidence  and 
p f'.d  c  Lency  required  for  this  difficult  task. 

A s s es s  Human -Factors  Issues  in  Kahanced  Automated  Scanning  and  Data 
Hec ot'd ing  f (>r  Ultrasonic  Testing 

The  development  and  employment  of  autijmated  scanning  and  data 
;  jctiirig  techniques  have  overcome  important  perfo'’mance  problems  in  some 
..ipp  .  i  c  .it  i.ona  of  ultrasonic  inspection.  However,  management  residtance  to 
.ju*  cati  d  scanning  and  recording  exists  because  these  methods  are  often 
pf  r,- u  i.  ved  1.0  require  more  ti.ne  and  money  than  manual  methods.  As  a 
Gr!..>;i;ucrG',i: ,  future  research  and  development  efforts  will  undoubtedly  be 
liie.cte'i  toward  Increasing  the  efficiency  of  scanning  and  reducing  the 
'.osts  ol  inspections,  raising  new  issues  related  to  the  human  system 
■i  r. '.G‘ r  f  ,ic  e  .  Kesearch  on  these  issues  should  be  conducted  in  parallel 
witti,  and  in  clo.se  liaison  with,  research  conducted  in  support  of  the 
lb.  v^' 1  opmen  t  of  advanced  ultrasonic  inspection  systems.  Addressing 
lioovin  factors  Issues  during  the  development  process  will  assure  that 
.idvanced  ultrasonic  inspection  systems  produce  accurate,  reliable,  and 
otflcient  inspector  performance.  As  has  been  demonstrated  in  many 
successful  system  development  efforts,  these  issues  are  best  addressed  as 
an  integral  part  of  the  design  effort. 


A  82 


L;e'.  v.'j  Methods  Sus  t  a  In  t  K  f  t  oc  L  "i  voiims  s  i.>f  !.i  lo.  !.■  ssa  ’  o 

i'oi't  u[;r-:UK'f 

.)i'>;  '  d:  i.tif  must  poweTful  fact  <fs  tu  inf  Luorice  psM'f  (U'tv.an  'e  .;s  any  task 

is  leedbjsk  1  nf  Ui’smat  ion  piovLiiod  to  the  perfoimief  of  a  tas,k  abour  td>o 

pf  f  net  i  von.ess  of  task  pert  oi'mance  .  Ultrasonic  inspection  pm-sonts  a 
past  ici!  1  illy  difficult  feedback  problem  because  information  noc-ded  for 
'.ecdback  is  typically  not  available.  For  example,  if  a  crack  is  ;r.i;:sed, 
the  error  nught  t>oL  be  discovered  until  a  later  inspiection  or  a 
structural  failure  occurs.  At  that  time,  even  if  the  infoi'mation  finds 
its  way  hack,  the  inspector  who  missed  the  defect  may  be  long  gone. 
Moreover,  s oaue  Inspection  outcomes  receive  more  attention  than  others  ar;d 
thius  add  potential  bias  to  the  process.  For  example,  any  reported  d.eft.vt 
(whether  correct  o.r  not)  will  get  more  attention  than  any  unreported 
defect.  ! ‘.-.'he  the  IS  correct  or  not).  In  spite  of  the  inherent  dif  f  icj  it  ies 
rn  prcjvidlng  feedback  on  this  task,  are  there  cost-effective  iimovat  ions 
that  can  be  introduced  to  take  better  advantage  of  this  powerful  means  .;f 
si.ista  initig  accurate  inspection  performance?  If  feedback  cannot  be 
-nihanced  in  a  practical  manner,  are  there  other  approaches  that  can  be 
substituted?  One  possibility  is  application  of  the  concept  of 
feed- forward ,  analogous  to  procedures  employed  in  the  calibration  of 
eqijipmr.nt,  for  fine-tuning  an  inspector's  detection  and  discriminatior; 
skills  prior  to  a  series  of  inspections.  Alternative  feedback  and 
feedforward  techniques  for  sustaining  effective  ultrasonic  inspection 
perfom\ance  should  be  developed  and  evaluated. 

Conclusion 


Eddy-current  and  ultrasonic  inspectl,^ns  are  two  of  the  principal 
techniques  available  for  the  nondestructive  examination  of  aircraft 
engine  and  airframe  structures.  Although  each  of  these  techniques  can  be 
applied  by  means  of  technically  sophisticated  equipment,  inspection 
results  are  highly  dependent  on  human  control  actions,  observations, 
analyses,  and  interpretations.  Consequently,  sub.stantial  potential 
payoff  in  the  cost  effectiveness  of  the  application  of  these  techniques 
to  aii'-'raft  inspections  can  be  realized  through  improvements  in  human 
t<erf  ortTiance .  This  paper  identified  nine  human  perfomance  issues  in 
eddy-current  and  ultrasonic  inspection,  t nd  provided  a  recommended 
approach  to  addressing  each  of  them. 
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